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INTERRELATED 
VITAMIN REQUIREMENTS 


Biological research involving the interrelated 
functions of vitamin factors requires advanced techniques with 
emphasis on proven and reliable characteristics of the basal 
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Labco Vitamin-free Casein, Lactalbumins and Rice Polish 
Derivatives with appropriate supplements of pure entities 
are especially suited for simplified and meticulously con- 


7 Prices and Information on Request 


Y THE BORDEN COMPANY 
LABCO PRODUCTS DEPARTMENT 
350 Madison Avenue, New York, N. Y. 


New Junior Model— 
Van Styke MANOMETRIC BLoop Gus 
APPARATUS 


This Junior Model apparatus meets the demand of sufficient 
accuracy and easy manipulation at low cost. The extraction 
chamber is the same as that supplied with the motor driven 
Research Model. It is guaranteed to be calibrated to 40.083 
ml. at 0.5 ml. and +0.005 ml. at 2.0 ml. 

This new model is conveniently shaken by hand. The omission 
of the water jacket and the use of the meter stick to read th 


2 vol. per cent. 


Designed for Student Instruction 
REASONABLY PRICED AT $40.00 

The low price of the Junior Model Van Slyke Manometrie 
Apparatus makes possible its more use in student 
instruction and clinical laboratories. 

At slight additional cost, this apparatus can be supplied with 
the millimeter scale etched on the glass manometer tube, and 
the latter fused to the apparatus. 

Send for Literature and Price List 


MACALASTER-BICKNELL COMPAR! 
Cambridge, Maes. New Haven, Cont 
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MARY SWARTZ ROSE 
1874-1941 


Mary Swartz Rose (Litt. B., Denison, 1901; B. S., Columbia, — 
1906; Ph. D., Yale, 1909) found her chosen field of work while a 
student in the chemistry of food and nutrition and an assistant i@ 
in dietetics at Columbia, and completed her preparation by two wt 
years of graduate study in physiological chemistry at Yale. She | ; 

4 


and Anton R. Rose met as fellow students there and were married 
a little later. Upon finishing her work for the doctorate under 
the direction of Dr. Mendel, she was appointed instructor in 
Teachers College, Columbia University, where her extraordinary i 
scientific scholarship and success in teaching were recognized by if 

rapid promotion through the successive academic grades to the 
position of professor of nutrition. As a research worker, she a 
. contributed to the development of all the major aspects of nutri- i 
uAS tion—energy, protein, mineral elements, and vitamin values. In 
addition to full schedules of teaching and research, she found time 
to take active part in scientific and professional organizations, 
and to extend the services of the science and profession of nutrition 
to the public welfare through her work in local, national, and nt 
international agencies, and by her writings. Besides her research i; 
papers and published addresses, she left in book form, “Feeding 
the family,” “The foundations of nutrition,” “A laboratory 
handbook for dietetics,” and “Teaching nutrition to boys and 
girls.” Space permits mention here of only a few examples of the 
many other ways in which she labored to bring the science of nutri- 
tion directly into public service: She gave generously of her time 
to the development of nutrition work in schools of all grades and in 
nursing and health centers; she served as president of the Institute 
of Nutrition, as a member of the Council on Foods and Nutrition 
of the American Medical Association, and of the Nutrition Com- 
mittee of the League of Nations. She was long a member of the 
editorial board of The Journal of Nutrition, and was chosen by the 
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international quarterly Nutrition Abstracts and Reviews to review 
and interpret the entire development of college and university 
teaching of nutrition and dietetics in the United States. During 
the first World War she had served as deputy director of conserva- 
tion in the Food Administration, and in 1940 she was appointed 
as one of a group of five advisers on nutrition to the Council of 
National Defense. Her rare combination of effectiveness and 
versatility was doubtless due in part to innate gifts, but certainly 
largely also to the inspiration she received from Dr. Mendel, and 
to that self-discipline which made her a personification of sincerity 


and an exemplar of the spirit of science. 


H. C. SHerMAN 


THE ELECTROPHORETIC PROPERTIES OF THE THROM- 
BOPLASTIC PROTEIN FROM LUNGS* 


By SEYMOUR 8. COHENt ann ERWIN CHARGAFF 


(From the Departments of Biochemistry and Surgery, College of Physicians 
and Surgeons, Columbia University, New York) 


(Received for publication, June 4, 1941) 


The preparation and some properties of the thromboplastic 
protein from beef lungs have been described in previous publica- 
tions from this laboratory (1, 2). The liberation of this substance 
from injured tissue cells starts the normal blood clotting process. 
The thromboplastie protein has been shown to contain 16 to 20 
per cent of phosphatides and 2 to 3 per cent of nucleic acid. The 
composition of the extremely complex phosphatide mixture present 
has been described recently (3). 

The difficulty of obtaining solutions of the thromboplastic pro- 
tein in an undenatured state has generally retarded the study of 
the purity of this substance. Furthermore, the unavailability of 
a standardized thromboplastin solution is a serious check on the 
development of routine determinations of the blood prothrombin 
level for diagnostic purposes. 

The thromboplastic protein, prepared by the simplified pro- 
cedure described in this paper, was examined in the Tiselius elec- 
trophoresis apparatus (4). The electrophoretic analysis of the 
highly opalescent solutions of the protein was made possible by 
the recently developed technique of Treffers and Moore (5). The 
optical arrangement used was that of Longsworth (6). 


EXPERIMENTAL 


Isolation of Thromboplastic Protein 


The following somewhat simplified procedure has been found 
to yield products similar to those previously described (1). To 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
t Abbott Laboratories Fellow in Biochemistry, 1940-41. 
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1550 gm. of minced beef lungs 3100 ec. of 0.85 per cent sodium 
chloride solution were added. The mixture was stirred vigorously 
and kept in the refrigerator for 3 hours with frequent shaking. 
It then was pressed out through a canvas bag and the filtrate 
(2050 ce.) centrifuged at 2500 r.p.m. for 15 minutes. The pH of 
the supernatant solution was adjusted to 5.2 by means of 10 per 
cent acetic acid, and the mixture was cooled overnight. The pre- 
cipitate was centrifuged off, suspended in water, and 1 N potassium 
hydroxide was slowly added to give 400 cc. of a deep brown solu- 
tion of pH 8.8. Asmall insoluble residue was removed by centrifu- 
gation, the supernatant adjusted to pH 5.2 with 10 per cent acetic 
acid, and the flocculent precipitate centrifuged after 5 minutes. 
Two reprecipitations were generally sufficient to remove most of 
the contaminating pigments. The final precipitate was washed 
once with distilled water and redissolved at pH 8.8. The solution 
(150 ec.) was centrifuged at 2500 r.p.m. for 5 minutes and dialyzed 
overnight against running tap water. 

The resulting opaque brown solution showed no appreciable 
sediment, when centrifuged at 4000 r.p.m. for 30 minutes, and 
contained 30 mg. of protein per ce. A protein concentration of 
0.4 per cent is about the limit of transparency for a depth of 1 em. 
The analytical electrophoresis experiments were run at this con- 
centration, while more concentrated solutions were used for the 
electrophoretic separation experiments. The protein solutions 
gave an N:P ratio similar to previously described preparations 
and retained their thromboplastic activity for at least 3 weeks, 
when kept cold. The protein was completely precipitable at an 
ammonium sulfate saturation of 30 per cent. 


Electrophoresis Experiments 


The protein solutions obtained by the procedure outlined in the 
preceding paragraphs were dialyzed to equilibrium against large 
volumes of buffer solution. In these experiments borate buffers 
of pH 7.4 (0.18 m) and 8.8 (0.1 m) were used (7). The buffer of 
pH 8.8 contained 0.1 m potassium chloride. The electrophoresis 
runs were carried out at 1.5°. They revealed the presence in all 
preparations of a major fast moving and a minor slow moving 
component. Data for a number of such experiments will be found 
in Table I. Intermediate and final electrophoresis patterns ob- 
tained in one experiment are reproduced in Figs. 1 and 2. 
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Thromboplastic Activity of Components—In a number of experi- 
ments the contents of the electrophoresis cell were, after prolonged 


TaBie I 
Hlectrophoresis of Thromboplastic Protein 


Mobilities (u X 108) Area* 
— | N:P ratio 
Preparation pH | Descending side Ascending side Fest | Slow in fast 
com- | com- | ponent 


Fast com-|Slow com- Fast com- Slow com-| ponent | ponent 
| ponent ponent ponent ponent 


per cent|per cent 


| 
LP-12 | 8.79 | 15.5 | 65 | 15.5 | 6.2 5 | 95 | 7.5 
LP-13 | 8.92! 9.9 | 7.8 9.3 | 7.2 14 | 86 | 6.4 
LP-13 | 7. 55 | | 5.4 9.0 1 | 9 | 4.9 


* Calculated from the ascending boundaries. The 5-boundary was not 
taken into account in these estimations. 


— 
Fic. 1 Fia. 2 
Fic. 1. Thromboplastic protein (Preparation LP-12), 0.1 m borate buffer 
+ 0.1 a KCl (pH 8.8), after 30 minutes. Left, descending pattern; right, 


ascending pattern. 
Fig. 2. Thromboplastic protein (Preparation LP-12), 0.1 m borate buffer 


+ 0.1 m KCI (pH 8.8), after 75 minutes. Left, descending pattern; right, 
ascending pattern. 


electrophoresis, divided into three fractions; viz., the fast, middle, 
and slow ones (compare (8)). The fast and slow fractions were 
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electrophoretically fairly homogeneous. Tests with chicken 
plasma as substrate (9) showed the major slow component to be 
very active in clotting plasma, whereas the fast component pos- 
sessed only little thromboplastic activity. These results are sum- 
marized in Table II. 

Characterization of Components—In an experiment in which 
100 ce. of a solution of the thromboplastic protein (Preparation 
LP-14) were subjected to electrophoresis in a large cell at pH 7.40 
overnight, 29 ec. of the solution of the fast component were isolated. 
The solution which contained 0.038 mg. of N and 0.017 mg. of P 
per cc. (N:P = 4.9) was evaporated to dryness in vacuo. No 


Tasie II 


Thromboplastic Activity of Electrophoretically Separated Components of 
Preparation LP-13 


pH Fraction N | Clotting time* 

| mg. per cc. min. 

8.92 | Fast 0.074 15 

Middle 0.074 Is 

| “ | 0.33 9 

Slow | 0.33 9 

7.55 | Fast 0.044 5 
Middle 0.044 2 

0.30 12 

Slow 0.30 9 


* The normal clotting time of the chicken plasma used exceeded 2 hours. 


phosphatide could be extracted by treatment of the residue with 
hot chloroform. In another electrophoresis experiment (Prepara- 
tion LP-15) the fast component was precipitated as a protamine 
salt by the addition of 6 ce. of a neutralized 4 per cent solution 
of salmine to 27 cc. of the solution of the fast component. The 
mixture (pH 6.5) was warmed on the steam bath for 5 minutes. 
The precipitate was chilled, centrifuged, washed with water and 
acetone, and dried. It weighed 35.8 mg. and contained N 18.4, 
P 3.2. The substance gave a faint murexide test and a weak 
delayed Molisch reaction. 

30 cc. of the solution of the slow component derived from Prepara- 
tion LP-15 were dialyzed for 24 hours against running tap water 
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and for 2 days in the refrigerator against distilled water. The 
solution was frozen and the water distilled off in a high vacuum. 
The resulting light tan-colored powder weighed 442 mg. and con- 
tained N 11.1, P 0.72. The analytical figures given by the same 
product after being washed with acetone were N 12.2, P 0.70. 
Extraction of 57.1 mg. of this thromboplastin preparation with 
40 ec. of boiling alcohol-ether (1:1) for 2 hours removed 14.9 mg. 
of a light brown lipid wax. The extraction residue weighed 
40.9 mg. and contained only 0.12 per cent of phosphorus. 

Examination in Ultracentrifuge—The slow component obtained 
from Preparation LP-14 was subjected to an orienting examina- 
tion in an air-driven vacuum ultracentrifuge (10). The solution 
used contained 0.48 mg. of N and 0.02 mg. of P per ce. After 
dialysis and drying in the frozen state, as described in the pre- 
ceding paragraph, 5 ec. of the solution yielded 18.7 mg. of the 
protein with an N content of 12.5 per cent. 

In the ultracentrifuge, the solution of the slow component (layer 
thickness 5 mm.) showed three boundaries, each of which possessed 
very high sedimentation constants, corresponding to molecular 
weights of the order of magnitude of at least several hundred 
thousand. The boundaries were, however, too diffuse to allow 
exact determination of the sedimentation constants, 


DISCUSSION 


The results presented in this paper confirm the assumption that 
the thromboplastiec protein from lungs is a phospholipoprotein 
which contains the phosphatides in firmly bound form. The 
nucleic acid, on the other hand, present in small quantity in the 
preparations described previously (1), appears to be a physical 
admixture which can be removed because of its greater mobility 
in an electric field. The thromboplastic protein prepared from 
tissue without recourse to electrophoretic separation is about 90 
to 95 per cent electrophoretically homogeneous and may be further 
purified, as shown here. 

Because of the small amounts of fast component collected 
in the course of this work, the evidence for its identity with nucleic 
acid is indirect. The theoretical N:P ratio for nucleic acid is 
3.75; the higher ratios found for the preparations of the fast com- 
ponent (Table I) indicate the presence of small amounts of protein 
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impurities. The properties of the salmine salt of the fast com- 
ponent differ materially from those of the phospholipid salts pre- 
viously described (11). This makes the presence of phosphatides 
in the fast component improbable. The only other P-containing 
material known to be present in the lung thromboplastin prepara- 
tions before electrophoretic purification is nucleic acid (1). Since 
almost all the phosphorus contained in the slow component occurs 
as lipoid P, one may conclude that the complex phosphatide mix- 
ture previously characterized (3) was firmly bound to the protein 
and remained in the slow component. 

The thromboplastic protein fraction apparently has a compara- 
tively high molecular weight. The reasons for its inhomogeneity 
in the ultracentrifuge will have to be investigated by a different 
method. It will be of interest to ascertain whether similar prepa- 
rations can be obtained by sedimentation at high centrifugal speeds 
from saline extracts of lung tissue, and to compare their chemical 
and electrophoretic properties with those of other “heavy” protein 
fractions found in a number of normal animal tissues. It might, 
as a possible analogy, be mentioned that early preparations of 
the crystalline tobacco mosaic virus protein which were electro- 
phoretically homogeneous were found to exhibit heterodispersity 
in the ultracentrifuge (12). 


The authors would like to express their gratitude to Dr. D. 
H. Moore of this College for the electrophoresis and ultracentrifuge 


experiments. 


SUMMARY 


The thromboplastic protein from lungs was found to be 90 to 
95 per cent homogeneous with respect to its electrophoretic 
behavior. In addition, a small fast moving component, pre- 
sumably nucleic acid, was detected. Electrophoretically homoge- 
neous preparations of the thromboplastic protein were obtained 
by means of electrophoretic separation. This lipoprotein con- 
tained practically all its phosphorus in the form of phosphatides. 
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BLOOD PYRUVATE CURVES FOLLOWING GLUCOSE 
INGESTION IN NORMAL AND THIAMINE- 
DEFICIENT SUBJECTS* 


By ERNEST BUEDING, MARTIN H. STEIN, ann HERMAN WORTIS 


(From the Medical Service of the Psychiatric Division, Bellevue Hospital, and 
the Departments of Medicine and Psychiatry, New York University 
College of Medicine, New York) 


(Received for publication, June 5, 1941) 


Pyruvic acid has been shown to be a normal intermediary in the 
metabolism of carbohydrate in vitro, but this has not been definitely 
demonstrated in vivo. Furthermore, it is known that in thiamine 
deficiency there is an accumulation of pyruvie acid in the body 
fluids. This has been demonstrated in vitro (1) and in vivo (2-5). 

We have recently published a method for the determination of 
pyruvic acid in the blood (6), and reported that the pyruvic acid 
in normal fasting blood varies from 0.77 to 1.16 (average 0.98) 
mg. per cent. We have considered as abnormally elevated any 
blood pyruvic acid in fasting above 1.30 mg. per cent. 

Our purpose in studying the blood pyruvate following glucose 
ingestion was twofold: (1) to determine whether or not pyruvic 
acid is a normal intermediary in carbohydrate metabolism in vivo, 
and (2) if this be true, to determine whether individuals with 
thiamine deficiency show an abnormal type of blood pyruvie acid 
curve after the ingestion of glucose. 


Methods and Materials 


Twenty-seven observations were made on twenty-three appar- 
ently healthy and well nourished subjects (interns, laboratory 
workers, members of the attending staff). For the observations 
on individuals with known thiamine deficiency, cases of acute 
peripheral neuropathy in the aleohol addict (7) and cases of 


* Aided by grants from the John and Mary R. Markle Foundation and the 
Williams-Waterman Fund of the Research Corporation. 
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Wernicke’s syndrome (8) were chosen. We are aware that these 
conditions may represent multiple deficiency syndromes, but the 
evidence available at present indicates that they are invariably 
associated with a deficiency of thiamine. 

Glucose and pyruvie acid were determined in the blood with 
the patient under basal conditions. Immediately following this, 
1.75 gm. of glucose per kilo of body weight were given by mouth 
as a 25 per cent solution in tea. Blood specimens were taken at 
30 or 60 minute intervals over a period of 4 to 6 hours, the subject 
remaining at rest in bed. 

Glucose was determined by a modification (9) of the Hagedorn 
and Jensen method, 0.002 instead of 0.005 n sodium thiosulfate 
being used for the final titration. Pyruvie acid was determined 
by a method previously described (6), with the following slight 
modifications of procedure. 

0.1 ml. of a 30 per cent solution of sodium iodoacetate prepared 
from iodoacetic acid (Eastman Kodak) (10) was pipetted into a 
dry syringe in which 5 ml. of blood were drawn. (Stasis was 
carefully avoided.) The blood was delivered into a bottle con- 
taining 20 mg. of dried potassium oxalate and 50 mg. of dried 
sodium fluoride. 

The, separation of the two layers (aqueous and ethyl acetate) 
was facilitated by the use of rubber bulbs attached to the capil- 
lary pipette. 

The combined ethyl acetate extracts were stored overnight in 
the ice box and were extracted the next day with the 10 per cent 
NaeCO; solution. This destroyed the hydrazone of acetoacetic 
acid (11) and rendered the method applicable for the determination 
of blood pyruvie acid in patients with significant amounts of ace- 
tone bodies in the blood. This modification necessitated a new 
standard curve with solutions of pure redistilled pyruvic acid. 

In order to obtain satisfactory blanks it was necessary to use 
ethyl acetate, reagent grade. 


Results 


Blood Pyrwate Curves in Normal Subjects—The results are 
presented in Fig. 1 (Curve A). The blood sugar curves (Fig. 2, 
Curve A) were never abnormally prolonged or elevated. In several 
instances a tendency toward a hypoglycemic type of curve was 
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Hours after glucose 


Fic. 1. Blood pyruvie acid following glucose ingestion. Curve A, 
normal individuals (average for twenty-seven curves). Average change in 
1 hour, +0.44 mg. per cent (+0.25); in 2 hours, +0.20 mg. per cent (+0.18); 
in 3 hours, +0.04 mg. per cent (+0.17); in 4 hours, +0.02 mg. per cent 
(+0.30). Curve B, individuals with thiamine deficiency (average for 
thirteen curves). Average change in 1 hour, +0.55 mg. per cent (+0.39); 
in 2 hours, +1.16 mg. per cent (+0.58); in 3 hours, +1.07 mg. per cent 
(40.71); in 4 hours, +0.79 mg. per cent (+0.%). 


250 
> 200 
5 
6) | 2 3 


Hours after glucose 


Fic. 2. Blood glucose following glucose ingestion. Curve A, normal 
individuals (average for twenty-seven curves). Average change in | hour, 
+47 mg. per cent (+30); in 2 hours, +14 mg. per cent (+30); in 3 hours, 
—2 mg. per cent (+22); in 4 hours, —13 mg. per cent (+16). Curve B, 
individuals with thiamine deficiency (average for thirteen curves). Aver- 
age change in 1 hour, +103 mg. per cent (+71); in 2 hours, +96 mg. per cent 
(+78); in 3 hours, +43 mg. per cent (+12); in 4 hours, +22 mg. per cent 
(+6). 
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noted, and in one of these a history of a “fainting” attack was 
obtained. 

In each instance, there was a significant rise in blood pyruvic 
acid following the ingestion of glucose (12). The maximum rise, 
which averaged 0.46 mg. per 100 ml., occurred at the end of 1 
hour in every case but one in which the peak was reached in 30 
minutes. The smallest increase in pyruvic acid was 0.14 mg. per 
100 ml., the greatest 0.93 mg. per 100 ml. Following the peak, 
the pyruvic acid level fell, reaching the fasting range at, or before, 
the 3rd hour in all but one instance. In this single exception, the 
fasting level was reached in the 4th hour. This curve was repeated 
on two subsequent occasions following the oral administration of 
thiamine for 3 weeks and then after oral administration of the 
entire vitamin B complex for 4 weeks. The curves did not show 
any change. 

In two other individuals the pyruvate after returning to the 
fasting level again showed an elevation in the 4th hour. The 
blood sugar at this period was 71 and 84 in one and 71 mg. per cent 
in the other subject. In both instances, this secondary rise was 
associated with tremulousness, restlessness, and marked sweating. 
The associated muscular® activity may have accounted for this 
rise in blood pyruvate. In one instance tea alone was given and 
the blood pyruvie acid curve was followed for 4 hours. The 
fasting blood pyruvate was 0.83 mg. per cent and at the end of the 
Ist, 2nd, 3rd, and 4th hours the blood pyruvie acid figures were 
respectively 0.81, 0.84, 0.83, and 0.88 mg. per cent. 

Blood Pyrwate Curves in Thiamine-Deficient Subjects —The 
results are presented in Fig. 1 (Curve B). In every instance 
but one the fasting level of blood pyruvie acid was elevated. Of 
even greater significance is the fact that when these thiamine- 
deficient individuals were subjected to the additional stress of 
metabolizing ingested glucose the maximum rise in blood pyruvate 
was not only greater than that seen in normals, but the elevation 
above the fasting level was maintained for a period of at least 4 
hours. It should be further noted that in these thiamine-deficient 
subjects the maximal rise did not occur at the end of the Ist hour, 
as seen in the normals, but the pyruvate continued to rise in every 
instance and maximal figures occurred at the end of the 2nd, 
3rd, or 4th hours. 
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The blood sugar curves (Fig. 2, Curve B) were in most instances 
“slightly diabetic” in type, although in some cases no deviation 
from the normal was noted. 


DISCUSSION 


Our results indicate that the ingestion of glucose produces a 
temporary but significant elevation of blood pyruvic acid. This 
is in agreement with the observation of Flock, Bollman, and Mann 
(13) that the injection of glucose into dogs doubled the blood 
pyruvate. Hence, one may conclude that either pyruvic acid is 
a normal intermediary in the metabolism of glucose in man or the 
ingestion of glucose stimulates the formation of pyruvic acid in 
some other way. Since pyruvie acid is known to be a normal 
intermediary of carbohydrate metabolism in vitro, the former 
possibility is considered the more likely. 

In conditions associated with a deficiency of thiamine (acute 
peripheral neuropathy in the alcohol addict (7), Wernicke’s disease 
(8)), the fasting blood pyruvate was elevated in every case but one. 
This is in agreement with our previous finding of an elevated blood 
pyruvate in subjects having known thiamine deficiency (4, 5). 
Furthermore, these individuals invariably show an abnormal 
and prolonged rise of blood pyruvate following the ingestion 
of glucose. 

It is known that thiamine pyrophosphate is necessary for the 
normal catabolism of pyruvic acid. The abnormal and prolonged 
elevation of blood pyruvate following glucose ingestion in these 
subjects may therefore be explained by a deficiency in the specific 
coenzyme necessary for the breakdown of pyruvate. 

It should also be noted that in these cases thiamine deficiency 
is associated with a mildly “diabetic” type of blood sugar curve. 
This type of abnormality has been previously reported in thiamine- 
deficient subjects (14-17). 

We believe it unlikely that the elevated blood sugar curve is 
responsible for the increased blood pyruvate in these thiamine- 
deficient patients. To support this contention, we present the 
following evidence. 

1. All these subjects show abnormalities in the pyruvate curve, 
but in some the blood sugar curve is entirely normal. 

2. All but one of these subjects show elevated fasting blood 
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pyruvates, and in almost every instance the fasting blood sugar 
is normal. 

3. In normals, the intravenous injection of glucose in amounts 
sufficient to elevate the blood sugar to levels seen in these thiamine- 
deficient patients does not produce any significant rise in blood 
pyruvate.! 

It therefore seems more likely that the abnormal blood sugar 
curve is secondary to the improper catabolism of pyruvic acid in 
these thiamine-deficient subjects. If this be true, the prolonged 
and abnormal elevation of pyruvie acid would result in an ac- 
cumulation of glucose, and would constitute further evidence that 
pyruvic acid is a normal intermediary in the catabolism of carbo- 
hydrate in vivo. 


SUMMARY 


1. Following the ingestion of glucose in normal individuals, 
the blood pyruvate is elevated. This elevation almost invariably 
reaches a maximum at the end of 1 hour, and returns to the normal 
fasting range within 3 hours. 

2. In conditions associated with thiamine deficiency the fasting 
blood pyruvate is elevated, and the pyruvate curve after glucose 
ingestion is abnormally elevated and prolonged. 

3. Evidence is presented which suggests that pyruvic acid is a 
normal intermediary of carbohydrate catabolism in man. 
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A NEW METHOD FOR ISOLATING /-(+)-LYSINE 


By ALTON C. KURTZ 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, June 10, 1941) 


None of the methods which have been used for isolating /-(+)- 
lysine from plant extracts and protein hydrolysates is ideal. The 
oldest method utilizes phosphotungstic acid to precipitate the 
basic nitrogenous compounds which must be fractionated sub- 
sequently (1, 2). In the Kossel-Kutscher silver sulfate-barium 
hydroxide fractionation (3) the lysine remaining in the final 
filtrate must be precipitated successively as phosphotungstate 
and picrate (4). The use of aromatic aldehydes (5) does not 
obviate the necessity for large amounts of phosphotungstic 
acid. Electrophoresis (6, 7) at defined hydrogen ion concen- 
trations to separate the basic amino acids requires a special cell 
and a source of high voltage direct current, and the yields of 
lysine isolated as the picrate are not always uniform (6). Recently 
a simplified method, which is based upon a direct precipitation of 
the picrate, has been proposed which works well with some proteins 
but fails entirely with gelatin (8). 

A technique for isolating /-(+)-lysine has been devised which 
eliminates some of the objections inherent in the older methods. 
The new method consists of the conversion of the amino acids 
to their copper salts, followed by benzoylation of those reac- 
tive groups not masked by coordination with the cupric ion. 
e-Benzoyl-l-(+-)-lysine copper(II) precipitates from the reaction 
mixture and may be converted, successively, into e-benzoyl-l-(+)- 
lysine and /-(+)-lysine dihydrochloride. 


EXPERIMENTAL 


Isolation of ~Benzoyl-l-(+)-Lysine Copper—A 200 gm. sample 
of gelatin (u.s.p. quality; 13 per cent water, 2 per cent ash) was 
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boiled for 15 hours with 25 per cent sulfuric acid. Thereafter hot 
saturated barium hydroxide solution was added until the pH 
reached 4.0, and the precipitate filtered off and washed with hot 
water. The filtrates were concentrated in vacuo to 1.8 liters, and 
the arginine removed with 65 gm. of flavianie acid. Barium 
hydroxide solution was again added to the filtrate till the pH 
reached 7.0, and the precipitate removed and washed with a little 
cold water. The combined filtrates were concentrated in vacuo 
to 1 liter, placed in a large beaker, and the amino acids converted 
into their copper salts by treatment, at boiling temperature, with 
basic cupric carbonate until an excess of reagent was present. In 
some experiments foaming during the treatment was minimized 
by adding n-butyl alcohol, the solution being boiled subsequently 
for half an hour to remove the alcohol. After filtration the blue 
solution was refrigerated overnight and any precipitated copper 
salts of amino acids removed. The filtrate was cooled to 0° 
in a salt-ice bath and benzoyl chloride (25 cc.) added from a 
dropping funnel while the mixture was vigorously agitated by a 
mechanical stirrer. The reaction was kept alkaline by adding 
45 per cent sodium hydroxide solution. Half-way through the 
benzoylation, which required 40 minutes, the ebenzoyllysine 
copper complex started to precipitate. Stirring was continued 
an hour longer and thereafter the reaction mixture was refrigerated 
overnight to insure complete separation of any insoluble materials. 
The precipitate was filtered off and washed with ice water till 
the washings were colorless. After two further washings with+ 
95 per cent alcohol the impure ebenzoyllysine copper was dried 
in air. 

e-Benzoyl-l-(+)-Lysine—The copper complex (35.8 gm.) was 
suspended in 600 ec. of water and decomposed by hydrogen sulfide. 
The mixture was heated to boiling, filtered, the filtrate con- 
centrated in vacuo to approximately 150 ec., and then refrigerated. 
The well crystallized benzoyllysine was removed by filtration and 
dried. ‘Trituration with absolute alcohol and ether removed 
considerable yellow color and some benzoic acid. The residue of 
e-benzoyl-l-(+)-lysine was dried over sulfuric acid and weighed 
8.65 gm., corresponding to 5.0 gm. of l-(+)-lysine. 

In several experiments the monobenzoyl derivative was re- 
crystallized for identification. The recorded melting points of 
e-benzoyllysine vary from 240° for the active compound (9) to 
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268-270° for the racemic form (10). The samples isolated here 
melted between 247° and 260°. Kjeldahl nitrogen determinations 
are known to give low values for lysine and certain of its derivatives 
(11), and in the present case the nitrogen found was 2 to 5 per cent 
below the calculated value. Further benzoylation of the ebenzoyl- 
lysine gave good yields of lysurie acid, m.p. 148-149° after recrys- 
tallization, and [a]? = —9.8°. Karrer and Ehrenstein (12) 
reported a melting point of 149-150° and [a]> = —8.6°. 

l-(+)-Lysine Dihydrochloride—Benzoyllysine (19.5 gm.) from 
several duplicate experiments was boiled under a reflux with 200 
ec. of 8.0 m hydrochloric acid for 9.5 hours. The benzoic acid 
was filtered off after refrigeration and the filtrate extracted with 
ether. The aqueous layer was decolorized with norit and con- 
centrated in vacuo. Rubbing the thick syrup with absolute 
alcohol caused the lysine dihydrochloride to crystallize spon- 
taneously. Half a volume of acetone was then added and the 
mixture refrigerated. Filtration gave 13.4 gm. of J-(+)-lysine 
dihydrochloride, melting at 192-193°. A further 0.2 gm. of the 
dihydrochloride recovered from the filtrate brought the yield 
up to 79.6 per cent, based on the benzoyllysine taken. Nessler, 
Sakaguchi, and Pauly diazo tests were negative on the lysine 
dihydrochloride. Analyses gave the following. 


Caleulated. Cl 32.4, amino N 12.79 


. Lysine was isolated from several other proteins in the yields 
shown in Table I. The 2.72 gm. of lysine per 100 gm. of moisture- 
and ash-free gelatin exceed the 2.3 per cent recovered by means 
of the phosphotungstic acid-aromatie aldehyde procedure (5), 
but this is still decidedly less than the amounts (up to 6.0 per cent) 
thought to be present (13). Previously reported isolations of lysine 
from casein vary from 1.1 per cent for commercial casein by the 
direct picric acid method (8) to 5.77 per cent (14) and 6.25 per cent 
(15) for purified casein by fractionation with silver. 

The isolation of lysine by the method outlined proved useful 
in the circumstances under which the application of other methods 
is difficult. Thus, benzoylation of the copper salt has been used! 
to purify a sample of lysine dihydrochloride prepared from a 


' This experiment was made for me by Mr. Martin Netsky, to whom I 
express my appreciation. 
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hydrolysate of dried blood by the direct precipitation method (8), 
This sample was contaminated with considerable ammonium and 
potassium chlorides, as might be expected from the low solubilities 
of the corresponding picrates. The new method has also been 
found suitable for isolating lysine from the final filtrate in the silver 


Taste I 
Yields of Lysine Obtained per 100 Gm. of Various Proteins 


Protein —- Remarks 
No. chloride | M.p. lat, 
| | | pa 
1 | Gelatin A 2.34* 192-193) +14.1 12.75 H.SO, hydrolysis 
| | =22 
| 2.72* (197-198) +14.6 12.71, HCl hydrolysis; ar- 
| t =30 ginine not removed 
3 2.53 199-200 +14.4 12.82, H.SO, hydrolysis 
t =30 
t | Casein A 1.04 (195-196 +14.3 12.73 HCL hydrolysis; ar- 
| =21 ginine not removed 
| ginine removed 
7 Egg 1.11f H.SO, hydrolysis; sul- 


fate removed by 
calcium; technical 
CuCOs; 
* The yield is based on moisture- and ash-free protein; in all others the 
yield is based on air-dry protein. 
+t The e-benzoyllysine samples isolated in Experiments 5 and 6 were com- 
bined for hydrolysis and the yield of lysine dihydrochloride prorated to give 
the values shown in parentheses. 
t Yield calculated from the ebenzoyllysine isolated. 


fractionation following the phosphotungstic acid precipitation of 
hydrolysates of small quantities (5 gm. or less) of rat and chicken 
muscles; the elimination of proline is thus easily accomplished. 


DISCUSSION 
Hydrochloric acid was sometimes used instead of sulfuric acid 
for hydrolyzing the protein. When this was done, the excess 
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hydrochloric acid was removed as completely as possible by re- 
peated vacuum concentrations and the residual hydrolysate neu- 
tralized to pH 6.0 with strong sodium hydroxide. After refriger- 
ation and removal of sodium chloride and any insoluble amino 
acids, the filtrate was diluted and treated with cupric carbonate 
in the manner detailed earlier. The preliminary isolation of 
arginine was not very convenient when hydrochloric acid was 
used; however, if arginine were to be removed, the thick acid 
hydrolysate was merely diluted prior to adding flavianic acid. 
Excess flavianic acid was precipitated from the arginine-free 
filtrate with strong hydrochloric acid which was in turn removed 
by vacuum concentration. 

The benzoyllysine copper always carried other material down 
with it. These impurities remained in the mother liquor from 
which ebenzoyllysine separated. At various times the following 
have been identified in the mother liquor: benzoic acid, sodium 
chloride, flavianic acid or its reduction products, glycine, arginine, 
tyrosine, and a leucine-valine mixture. 

The lysine dihydrochloride sometimes gave a faintly positive 
Sakaguchi test when arginine had not been removed before for- 
mation of the copper salts. Likewise, in the product from Ex- 
periments 5 and 6 (Table I) a small amount of tyrosine con- 
taminated the lysine salt without significantly influencing either 
its optical rotation or amino nitrogen content. The average 
yield of dihydrochloride in all runs was 78.6 per cent of the eben- 
zoyllysine taken for hydrolysis, with some lysine remaining in the 
alcoholic filtrate. By distilling off the aleohol and acetone and 
again benzoylating the copper salts, additional benzoyllysine 
copper was obtained. The yields listed in Table I do not include 
these small additional quantities. 

When solutions of arginine copper chloride or hydroxyproline 
copper were subjected to the benzoylation procedure, no insoluble 
derivatives were obtained. The result with arginine was sur- 
prising in view of the low solubility of dibenzoylarginine (16), 
but may possibly be accounted for by the susceptibility of the 
w-benzoyl group to hydrolysis in alkali (17). The failure of the 
hydroxyamino acids to interfere with the isolation of lysine may 
have been due similarly to the alkali lability of the O-benzoy] 
groups (18). There is evidence that benzoylation of histidine 
will cause fission of the imidazole ring under certain conditions 
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(19), but whether this occurs with the copper complex has not 
been determined. 


SUMMARY 


l-(+)-Lysine may be isolated from protein hydrolysates by 
conversion of the amino acids inio their copper salts and subse- 
quent benzoylation. The ebenzoyllysine copper complex pre- 
cipitates out and may be converted successively into «benzoyl- 
lysine and lysine dihydrochloride by simple procedures. The 
method can be applied under varied conditions and gives better 
yields than others not requiring expensive reagents or special 
equipment. 
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RATE OF TRANSAMINATION IN NORMAL TISSUES* 


By PHILIP P. COHEN anp G. LEVERNE HEKHUIS 
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Medicine, New Haven) 


(Received for publication, June 3, 1941) 


Inasmuch as the exact réle of transamination in intermediary 
metabolism is as yet not clear, a comparative study of the rates 
of this reaction in different tissues would seem desirable in that 
such a study might serve to elucidate the relation of transamination 


to different metabolic systems. 
Previous studies (1-3) have dealt with the rates of the following 


reactions with pigeon breast muscle and with purified transaminase 
preparations. 


(1) U(+)-Glutamic acid + oxalacetic acid 7 a-ketoglutaric acid + 
l(—)-aspartic acid 
(2) (+)-Glutamie acid + pyruvie acid arketoglutarie acid + 
1(+)-alanine 


a 
(3) l(—)-Aspartie acid + pyruvic acid oxalacetic acid + 1(+-)-alanine 


From these studies it was evident that the most active sub- 
strates with the purified enzyme and pigeon breast muscle were 
those represented in Reaction 1, a. The comparative rates of 
these reactions have not been previously studied in the different 
tissues. Kritzmann (4) has reported some studies of Reaction 2 
in different tissues, while Braunstein, in a review of transamination 
(5), reported some experiments with Reaction 3. Since both these 
reactions proceed at comparatively slow rates, Reaction 3 taking 
place even more slowly than Reaction 2, it is obvious that these 
studies do not adequately represent the réle of transamination in 


* This investigation has been aided by a grant from the Jane Coffin 
Childs Memorial Fund for Medical Research. 
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different tissues. Furthermore, the analytical methods employed 
by these workers leave much to be desired from a quantitative 
standpoint (see Zorn (6)). 

In this study, the rates of Reactions 1, 2, and 3 in different 
normal rat tissues were investigated. 


Procedures 


Adult white rats 150 to 250 gm. in weight were used. The ani- 
mals were killed by a blow on the head and exsanguination. The 
tissues were rapidly removed and placed in ice-cold saline. The 
tissues were dried with filter paper before samples were weighed 
out on a delicate torsion balance. The weighed samples were then 
homogenized (7) with 0.1 m phosphate buffer, pH 7.4. The 
homogenization was carried out at ice bath temperature and the 
suspension kept at this temperature until pipetted into the reac- 
tion vessels. 

Skeletal muscle was taken from the thigh and carefully dissected 
free of tendon and connective tissue. The hemispheres of the 
brain and ventricular muscle of the heart were used. In the case 
of kidney, the whole organ free of hilar structures was employed. 

The incubations were carried out at 38° with shaking. When 
the tissue concentration was greater than 1:80 (1 part of tissue 
plus 79 parts of phosphate buffer) and the incubation periods 
longer than 15 minutes, anaerobic conditions were maintained by 
means of nitrogen and yellow phosphorus. With concentrations 
of 1:80, aerobie conditions (air) were often employed, since it 
was established that there is no appreciable oxidation of added 
substrates at this dilution, even after 60 minutes. 


Substrates 


All substrates were brought to pH 7.4 before addition of the 
tissue. The preparation and source of these substrates have been 
reported previously (1, 2). The substrate pairs were present in 
an equimolar concentration of 0.014 M in all the experiments. 


Analytical Methods 


Glutamic acid was determined by the method previously de- 
scribed (1, 8). Pyruvie acid was determined by the carboxylase 
method of Westerkamp (9), and a-ketoglutaric acid according to 
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Krebs (10). The determination of aspartic acid formation and 
disappearance, previously described (1) for use with purified 
enzyme preparations, has now been found applicable to tissue 
suspensions, bacterial and yeast suspensions, and tissue slices. 
With concentrated tissue suspensions (greater than 1:10) the 
tissue blank values are quite high and thereby reduce the accuracy 
of the method. However, with tissue dilutions greater than 1:10, 
the method is very satisfactory. With tissue dilutions of 1:80 
the CO. produced by the tissue alone after chloramine-T addition 
to deproteinized aliquots is negligible. At dilutions of 1:40 and 
1:10, suitable controls of tissue alone are used. 

Reactions 1, a, 1, b, 3, a, and 3, b were followed by measuring 
aspartic acid formation and disappearance and Reaction 2, a by 
determining the disappearance of pyruvie acid and in some cases 
also by the formation of a-ketoglutaric acid. Reaction 2, b was 
followed by measuring glutamic acid formation. The suitability 
of these analytical methods for measuring the rates of transamina- 
tion has been previously demonstrated in balance experiments (2). 


Results 


Rates of Reactions 1, a and 1, b-—The effect of dilution on the rate 
of Reaction 1,a@ is seen from Fig. 1. In the case of heart and 
skeletal muscle, it appears that the percentage transamination 
increases with dilution from 1:10 to 1:40. However, this effect 
is due to the fact that in these tissues at concentrations of 1:10 
and higher oxalacetic acid is rapidly used in other reactions which 
are fast enough to compete with transamination successfully. In 
the case of liver, brain, and kidney, these reactions do not appear 
to be sufficiently rapid to influence the rate of transamination. It 
should be noted that with the exception of testis, which has a 
relatively slow rate of transamination even at high concentrations, 
an 80-fold dilution of the tissues still shows a remarkably high rate 
of transamination. It is apparent from this that the concentra- 
tion of transaminase in these tissues is very high. 

In Tables I and IT and Fig. 2 typical data are presented showing 
the rates of Reactions 1,a and 1,b. From the shapes of the 
curves for skeletal muscle and brain for Reaction 1, a, it would 
appear that the reaction was going on to completion in these tis- 
sues. Actually, the percentage transamination after 60 minutes 
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incubation does not increase appreciably, indicating a steady state, 
No doubt intermediate points between 15 and 60 minutes would 
bring out the plateau in these curves. That a steady state 
exists can be seen from the ratios of the relative rates of Reactions 
1, aand 1, b at 15 and 60 minutes, shown in Fig. 2. (K = (per cent 
transamination of Reaction 1, a) + (per cent transamination of 
Reaction 1, b).) It is apparent from this that Reaction 1, a pro- 
ceeds at a rate 2 to 2.5 times faster than Reaction 1, b. This 


\ 
| 
e 
2 
v heart muscle 
liver 
no dincy 
| @ brain 
tests 
\ 
| 
= 
Dilution 60 


Fig. 1. Effect of dilution on transamination with different tissues. Sub- 
strates, glutamic acid + oxalacetie acid; final concentration, 0.014 ; 
neubation time, 15 minutes. 

i 

checks reasonably well with the values previously found for puri- 
fied transaminase (2), which was found to catalyze Reaction 1, 
a at a rate about 3 times faster than Reaction 1, b. 

Rates of Reactions 2,a and 2,b—As shown previously with purified 
transaminase (2), Reactions 2, a and 2, b proceed at much slower 
rates than Reactions 1,a and 1,6. This is also true in the case 
of homogenized rat tissues, as can be seen from Tables IIT and 
IV. The tissue showing the greatest activity with Reaction 2, a 
is liver. Skeletal and heart muscle shows a small activity. It 
should be noted that the concentration of tissue in these experi- 
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TABLE I 
Rate of Reaction 1,a in Different Tissues 
Each flask contains 3 ml. of homogenized tissue, dilution 1:80, plus 1 ml. 
of 0.06 m /(+-)-glutamiec acid; 0.3 ml. of 0.2 mM oxalacetic acid added as indi- 
eated; air. (Corrected for tissue blanks. Per cent transamination cal- 
culated on the basis of 1344 microliters of glutamic acid.) 


| | utamic 

Tissue asd ed, | 

min. microliters microliters per cent 
Liver....... 15 | 1340 | 2010 670 50 
Kidney... 1380 580 | 43 
Skeletal muscle..... | 15 1305 | 2045 © 740 55 
1305 2355 1055 78 
Heart musele.......) 15 1325 | 2160 835 | 62 
1325 2335 1010 75 
Brain. . i 1315 1825 | 510 38 


60 1315 | 2360 945 70 


TABLE II 
Rate of Reaction 1, b in Different Tissues 
Each flask contains 3 ml. of homogenized tissue, dilution 1:80, plus 1 ml. 
of 0.06 l(—)-aspartie acid; 0.3 ml. of 0.2 a-ketoglutaric acid added as 
indicated; air. (Corrected for tissue blanks.) 


As ic | | 
Tissue Ineubation | sei [Aspartic acid] ‘Transami- 
| found 
microliters | microliters | microliters | per cent 

60 2390 410 29 
Kidney | 15 | 2800 2545 255 18 
al pare 60 | 2800 | 2365 435 31 
Skeletal muscle. . 15 2800 2495 305 22 
60 2800 2360 440 31 
Heart muscle. . : 15 2800 2380 | 420 30 
Brain . 15 | 2800 | 2570 | 230 CO 16 
“ 60 2300 | 2365 | 435 | 31 
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ments is 8 times greater than that used in studying the rates of 
Reactions 1, a and 1, b. 

It thus becomes apparent that, aside from liver, Reactions 2, a 
and 2, b are very slow reactions when compared with Reactions 1, a 
and 1,b. The K 6 min. values for Reactions 2, a and 2, b for the 
different tissues are as follows: liver 2.04, kidney 0.93, skeletal 
muscle 0.95, heart muscle 1.54, and brain 0.85. From this it 
appears that Reaction 2,a proceeds as fast as Reaction 2,6 in 


8&0} 
o 
glutamic « oxaloacetic ——— 
oU 
c 7 
=x / / 
o, 
24 a-kefoglutaric + aspart 
oO 
/ == 
20 | Kismn K 
if heartmse 2.05 2.03 
iE. a skel msc 56 2.49 
10 / x liver 2.28 2.23 
brain 2.36 2.29 
v kidney 2.35 2,09 
10 50 60 


20 a 40 
Incubation Time (min.) 
Fic. 2. Rates of Reactions 1, a and 1, b in different tissues. ‘Tissue con- 


centration, 1:80. 


the case of kidney, skeletal muscle, and brain. This is in agree- 
ment with the findings with purified transaminase. In the case 
of liver, however, Reaction 2, a proceeds twice as fast as Reaction 
2,6, while with heart muscle Reaction 2,a is 1.5 times as fast. 
Since the fastest rate of transamination with Reaction 1, a is seen 
with heart and skeletal muscle, while the fastest rate with Reaction 
2,a is seen in the case of liver, it suggests that either Reac- 
tions 2,a and 1, a do not depend on the activity of one and the 
same enzyme, or that a mechanism is present in liver alone which 
affects pyruvic acid in such a way as to make it more reactive. 
This will be discussed further. 


of 
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Rates of Reactions 3,a and 3,b—The study of Reactions 3, a 
and 3, with transaminase (2) showed that these reactions did 


Taste III 
Rate of Reaction 2, a in Different Tissues 
Each flask contains 3 ml. of homogenized tissue, dilution 1:10, plus 1 ml. 
of 0.06 m pyruvie acid; 0.3 ml. of 0.2 m 1(+)-glutamic acid added as indi- 
cated; No; yellow P. (Pyruvie acid added = 1344 microliters. ) 


| Pyrevie acid found after | | 
incubation 
ithout With glu- 
— tamic acid 
| min microliters | microliters per cent 
15 1230 800 430 32 
~ 60 1155 520 635 47 
Kidney.... 15 1300 1280 20 2 
60 1270 1080 190 14 
Skeletal muscle.... 15 1310 1125 | 185 | 14 
60 1290 1000 | 290 21 
Heart musele......| 15 1310 1205 105 8 
| 60 1240 780 460 34 
ae | 15 | 1300 1275 25 2 
60 1275 1125 150 1] 
TABLE IV 


Rate of Reaction 2, b in Different Tissues 


Each flask contains 3 ml. of homogenized tissue, dilution 1:10, plus 1 ml. 
of 0.06 m 1(+-)-alanine; 0.3 ml. of 0.2 mM a-ketoglutaric acid added as indi- 
cated; Ne; yellow P; incubation time, 60 minutes. (Corrected for tissue 
blanks. ) 


Glutamic acid formed | 


Transami- 
Ketoglutari | | a-Ketoglutaric | mation 
acid + alanine 

microliters | microliters microliters | cent 
| 17% | 486 310 23 
ers 189 385 196 15 
Skeletal muscle ...... 72 344 272 20 
Heart muscle. ........ 72 370 298 22 
| 198 | 37 | | 128 


not proceed at a measurable rate. In the case of rat tissues, liver 
alone shows an appreciable rate of transamination (Tables V 
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and VI). The necessity of using relatively high concentrations 
of tissue (1:10) makes the analytical values for aspartic acid 
formation and disappearance somewhat less reliable. With this 


TABLE V 
Rate of Reaction 3, a in Different Tissues 
Each flask contains 3 ml. of homogenized tissue, dilution 1:10, plus 1 ml, 
of 0.06 m /(—)-aspartie acid; 0.3 ml. of 0.2 Mm pyruvie acid added as indi- 
cated; Ne; yellow P. (Corrected for tissue blanks.) 


Aspartic Aspart Aspartic om 

Tissue acid added, acid disap. 

min microliters | microliters microliters per cent 
Liver. 15 2800 2570 230 16 
a) Oe 60 2800 2150 650 46 
Kidney... 15 2800 2740 60 4 
60 2800 2570 230 16 
Skeletal muscle... 15 2800 2775 25 2 
60 2800 2710 90 6 
Heart muscle... 15 2800 2690 110 
= 7 60 2800 2505 205 21 
Brain. .. 15 2800 2675 | 125 i) 
60 2800 2560 240 17 


Taste VI 
Rate of Reaction 3, b in Different Tissues 
Fach flask contains 3 ml. of homogenized tissue, dilution 1:10, plus | ml. 
of 0.06 m /(+)-alanine; 0.3 ml. of 0.2 m oxalacetic acid added as indicated; 
N;; yellow P; incubation time 60 minutes. (Corrected for tissue blanks.) 


Alanine + 


Alaning edded, | anid | ‘Transm 

| 

microliters | microliters microliters per cent 
1344 1625 281 21 
Kidney ...... 1344 1460 116 4 
Skeletal muscle... ... 1344 1520 176 13 
Heart muscle. ........| 1344 1490 146 11 


Brain. 1344 1410 66 5 


in mind, it is obvious that a significant rate of transamination with 
Reactions 3, a and 3, b is seen only in the case of liver. With this 
tissue, Reaction 3, a is 2.19 times faster than Reaction 3, b. The 
possible significance of this will be discussed in the next section. 
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Transamination in Liver 

The very slow rate at which Reaction 2, a proceeds in heart 
muscle and skeletal muscle is rather surprising in view of the high 
transaminase activity in these tissues as measured by Reaction 1, a. 
With purified transaminase preparations from pig heart muscle 
Reaction 1,a proceeds 5.6 times as fast as Reaction 2,a (2). 
Since there is reason to believe that the activity of these prepara- 
tions was due to a single transaminating enzyme, one would 
expect that at least the same activity ratio would obtain for 
homogenized tissue. Actually this is so only in the case of liver 
(Table VII). If it is assumed that the faster rate for Reaction 2, a 


TABLE VII 


Qtransamination in Different Tissues 


Tissue Reaction 1, a Reaction 2,4 | Reaction 3, a 


Heart muscle. . 425 7 7 
Skeletal muscle... 316 13 1 
Brain. .. 260 2 
Liver.... 245 46 10 
Kidney. . 245 3 3 
Testis. . = 150 
Lung.. 51 
Spleen..... 16 | 


with purified transaminase is due to the fact that with purification 
the affinity of pyruvic acid for transaminase increases, then the 
slower rate of Reaction 2,a with homogenized heart muscle is 
understandable. To explain the faster rate of Reaction 2, a in 
liver tissue, however, would necessitate the assumption that (1) 
there is a greater affinity of pyruvic acid for transaminase in homo- 
genized liver, or (2) some special mechanism exists in liver which 
permits Reaction 2, a to proceed at a faster rate in this tissue than 
in heart muscle. The second assumption suggested the following 
possibilities capable of experimental test: (1) a separate transami- 
nating enzyme is present in liver which deals with reactions involv- 
ing pyruvic acid; (2) a mechanism exists in liver which rapidly 
converts pyruvic acid into some intermediates, probably dibasic 
a-keto acids, which are more reactive substrates for transaminase. 

As regards the first possibility, all attempts to prepare an enzyme 
from liver which is relatively more active in catalyzing Reac- 
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tion 2, a than transaminase preparations from other sources (pig 
heart muscle and pigeon breast muscle) were not successful, 
These experiments would argue against the existence of a special 
transaminating enzyme involving pyruvic acid. 

In an attempt to find evidence for the second possibility, tissue 
dilution experiments were carried out with Reactions 1, a, 2, a, and 
3,a. It would be expected that if an additional reaction were 
involved for Reactions 2, a and 3, a, then with dilution the rates 
of these reactions would fall off more rapidly than the rate of 


60 


@ glutamic-oxaloacetic - |Smin. 


x pyruvic - 15min. 


osportic- - |Smin, 
-60Omin. 


Transamination 
& 


110 '40 180 
Dilution 


Fic. 3. Effect of tissue dilution on the rates of Reactions 1, a, 2, a, and 
3, ainliver. Final substrate concentration, 0.014 mM. The incubation time 
is indicated in the figure. 


Reaction 1,a. As can be seen from Fig. 3, with a 15 minute 
incubation period, Reactions 2, a and 3, a proceed at considerably 
slower rates with a dilution of from 1:10 to 1:80. In the case of 
Reaction 3,a there is no measurable transamination at a 1:40 
dilution, while with Reaction 2, a, only a small activity is seen 
with a 1:80 dilution. This is in marked contrast to the rate of 
Reaction 1, a which shows a marked activity at a 1:80 dilution. 
With incubation periods of 60 minutes, Reaction 3, a proceeds at 
a considerable rate at a 1:10 dilution but the rate falls to 0 at a 
1:80 dilution. On the other hand, the rate of Reaction 2, a is 
considerable at a 1:80 dilution, but is still much slower than 
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Reaction 1, a with 15 minutes incubation. The effect of dilution 
on Reaction 3, a is consistent with the idea of a second or inter- 
mediate reaction which converts pyruvic acid into a more active 
substrate, since the rate of transamination with this reaction is 
appreciable only with a high tissue concentration and a long incu- 
bation period. In the case of Reaction 2, a, the comparatively 
high rate of transamination at a 1:80 dilution (60 minutes incuba- 
tion) might be due to the fact that the rate of formation of the 
dibasic acid intermediate required in this reaction (possibly oxal- 
acetic acid) is more rapid than the rate of formation of the inter- 
mediate required for Reaction 3, a (possibly a-ketoglutaric acid), 
since an additional reaction is required in the latter case. 

The conversion of pyruvic acid in liver into the dibasic oxal- 
acetic and a-ketoglutaric acids has experimental support from 
the work of Evans and Slotin (11), Krebs and Eggleston (12), and 
Wood, Werkman, Hemingway, and Nier (13). In the case of 
Reaction 2, a, the conversion of pyruvic acid to oxalacetic acid 
would permit transamination to take place according to Reac- 
tion 1,a. However, experiments designed to demonstrate aspartic 
acid formation in such a series of reactions were negative. In the 
case of Reaction 3, a, it would be necessary for pyruvic acid to 
be converted to a-ketoglutaric acid, following which, transamination 
would take place according to Reaction 1,6. With a tissue con- 
centration of 1:10, the initial rates of Reaction 1, are rapid 
enough to permit Reaction 3, a to proceed according to the above 
mechanism. Experiments in which bicarbonate was present in 
the incubation mixture and CO, in the gas phase showed no greater 
transamination activity than those in which phosphate buffer 
alone was used. Further, attempts to find evidence in liver for 
the reaction /(+)-alanine + CO,— aspartic acid were also 
negative. 

Thus it does not seem possible with the available experimental 
evidence adequately to explain why Reaction 2, a should proceed 
at a faster rate in liver than in heart muscle, which has a higher 
transaminase content. 


Q transamination 1X Different Tissues 
The rates of transamination in different tissues can be more 
conveniently compared in terms Of Q transamination, 


microliters substrate transaminated 
mg. dry weight X hr. 


Qtransamination 
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In Table VII Q transamination Values for Reactions 1, a, 2, a, and 
3,a are listed. It is apparent that Reactions 2,a and 3,a are 
very slow except in the case of liver. Actually, the Q transamination 
values for Reactions 2,a and 3, a are so low in comparison with 
Reaction 1, a that it is doubtful whether these reactions can be 
considered to play a major réle in the intermediary metabolism 
of these tissues. Q transamination Values for Reaction 2, a in the case 
of slices are of the same order as for homogenized tissue. Thus, 
for slices of liver, kidney, and brain, values of 56, 10, and 5, 
respectively, were obtained. 

Previous studies with pigeon breast muscle (3) indicated that 
Reactions 1,a and 2, a had Q transamination Values of 44 and 39, 
respectively. However, the conditions of these experiments 
were not optimum for estimating the rates of these reactions. 
Recent experiments (unpublished) show that the Q tronsamination 
value for Reaction 1, a is of the order of 400 to 500, while that for 
Reaction 2, a is of the same order as that previously observed, 
viz. 40. 

The Q transemination Values for Reaction 1, a are extremely high, 
exceeding by several times the Q succinoxidase Values reported for the 
same tissues (14). In most instances the Q transamination Values are 
greater than the Q cytochrome oxidase Values (14, 15). 

While the rapid rate of Reaction 1,a is emphasized in this 
discussion, it should be noted that the rate of Reaction 1, 6 is 
also quite rapid, the Q transamination Values being between one-half 
and one-third of those for Reaction 1,a. It thus seems certain 
that Reaction | plays an important metabolic réle, since not only 
is it very rapid, but in addition the substrates concerned are known 
to be important metabolites, acting as respiratory mediators in 
some of these tissues. 


DISCUSSION 


It would appear from the preceding experiments, in confirma- 
tion of the study with purified transaminase (1, 2), that glutamic 
acid plus oxalacetic acid (Reaction 1, a) represents the most active 
and probably chief substrate in the transamination reaction. 
Until the existence of more than one transaminating enzyme can 
be definitely established, it must be assumed that the relative 
activity of pyruvic acid in liver is due to some special mechanism, 
such as the conversion into a dibasic a-keto acid. 


& 
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The question of the réle of amino acids other than those shown 
in Reactions 1, 2, and 3 in different tissues is at present under in- 
vestigation. Under conditions of high tissue concentration and 
long incubation periods, certain amino acids can be made to react 
(16). However, the rates of these reactions in terms of Q transamination 
are so slow that it is doubtful that they play any major réle in 
intermediary metabolism. The suggestion by Braunstein and 
Bychkov (17) that deamination of amino acids may take place 
through the transamination reaction is not supported by our ex- 
periments (to be published) designed to test this theory. 

The specific réle which the transamination reaction plays in 
intermediary metabolism still remains obscure. The possible 
relationship of this reaction to other metabolic systems, par- 
ticularly protein synthesis, is at present under investigation. 


SUMMARY 


1. The rates of the following reactions were studied in different 
rat tissues. 


(1) l(+)-Glutamie acid + oxalacetic acid a-ketoglutarie acid + 
l(—)-aspartie acid 
(2) l(+)-Glutamie acid + pyruvie acid = a-ketoglutaric acid + 
l(+)-alanine 


a 
(3) 1(—)-Aspartic acid + pyruvie acid acid + 1(+)-alanine 


2. Reaction 1, a proceeds at the fastest rate in all the tissues 
studied, with Q transamination Values as high as 425 in the case of heart 
muscle. Reaction 1,b proceeds at a rate one-half to one-third 
that of Reaction 1, a in the different tissues. 

3. Reactions 2 and 3 are very slow when compared with Reac- 
tion 1, the Q transamination Values being considerable only in the case 
of liver. The possible significance of this is discussed. 

4. The possible réle of the transamination reaction in inter- 
mediary metabolism is briefly discussed. 
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THE XANTHINE OXIDASE CONTENT OF RAT LIVER 
IN RIBOFLAVIN DEFICIENCY* 


By A. ANELROD C, A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, June 13, 1941) 


The physiological réle of riboflavin is related intimately to the 
ability of riboflavin to serve as an integral portion of two respira- 
tory “carriers.” Thus, as alloxazine mononucleotide and allox- 
azine dinucleotide, riboflavin enters into the structure of a variety 
of flavoproteins which are concerned with many phases of bio- 
logical oxidations. Ball (1) has summarized the state of the 
information which existed in 1939 relating to the réle of flavopro- 
teins in biological oxidations. Since then, two more catalytically 
active flavoproteins, liver aldehyde oxidase (2) and cytochrome 
reductase (3), have been added to an ever expanding list. At the 
present, the existence of ten flavoproteins concerned in biological 
oxidations is known and serves to emphasize the functional rela- 
tionship of the vitamin riboflavin to the oxidative mechanisms 
of the organism. 

With the demonstration of such a relationship, it becomes appar- 
ent that studies on the physiological function of riboflavin should 
logically be concerned with the enzyme systems in which alloxazine 
mononucleotide or alloxazine dinucleotide is an essential com- 
ponent. This approach has been followed in the case of d-amino 
acid oxidase, the prosthetic group of which has been shown by 
Warburg and Christian (4) to be riboflavin-adenine dinucleotide. 
Axelrod, Sober, and Elvehjem (5) and Rossiter (6) have shown 
that a riboflavin deficiency in the rat results in a lowering of this 
enzyme in various tissues. Riboflavin therapy restores the d- 

* Published with the approval of the Director of the Wisconsin Agri- 


cultural Experiment Station. These studies were aided by a grant from the 
Rockefeller Foundation and by the Works Progress Administration. 


725 


4 
| 
a 
a 
if 
i 
i 
4 
| 
| 
1 
| 


726 Xanthine Oxidase 


amino acid oxidase content to its normal value. Ochoa and Ros- 
siter (7) have demonstrated a decrease in the total riboflavin- 
adenine dinucleotide content of rat heart and liver in riboflavin 
avitaminosis. The dinucleotide content is rapidly restored to its 
normal level by the administration of riboflavin to the deficient 
rats. In this connection, Klein and Kohn (8) have demonstrated 
the synthesis of riboflavin-adenine dinucleotide from riboflavin 
by human blood cells both in vitro and in vivo. 

In the present paper, a further insight into the réle of riboflavin 
has been sought through the study of the effect of a riboflavin 
deficiency upon the xanthine oxidase content of rat tissues. The 
possibility of such a relationship was suggested by the observations 
of Ball (9) and Corran and coworkers (10) that xanthine oxidase 
is a flavoprotein, the prosthetic group of which consists, at least 
in part, of riboflavin-adenine dinucleotide. 


EXPERIMENTAL 


Treatment of Animals—21 day-old albino rats of both sexes were 
placed on experimental diets which were designed to produce an 
uncomplicated riboflavin deficiency in the rat. The compositions 
of the two riboflavin-low rations employed in the present study are 
given in Table I. Both of these rations have been used exten- 
sively in this laboratory and produce a severe riboflavin deficiency 
within 10 weeks. An immediate and prolonged growth response 
accompanied by the alleviation of all external symptoms is ob- 
served following the administration of riboflavin. Such a response 
indicates that the riboflavin deficiency is of an uncomplicated 
nature. The rations were fed ad libitum unless designated 
otherwise. 

In Series I, Ration A was employed. After a depletion period 
of 3 weeks, the rats were divided into three groups. One group 
received 3 y and another received 6 y of riboflavin daily over a 
period of 9 weeks. The riboflavin was given in individual supple- 
ment dishes. The third group was maintained on the basal ration 
alone. At the end of the 12 week experimental period, all of the 
animals were sacrificed and the xanthine oxidase contents of their 
livers were determined. The average daily gain of weight during 
the 9 week supplement period was 0.88 and 1.73 gm. for the groups 
receiving 3 and 6 y of riboflavin respectively. An average daily 
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growth of 4 gm. can be obtained when this ration is supplemented 
with adequate amounts of riboflavin. The basal group grew very 
poorly during the first 2 weeks on the experimental diet and then 
growth ceased completely. At the completion of the experiment, 
the basal group exhibited the characteristic symptoms of riboflavin 


TABLE I 
Composition of Basal Rations A and B 


Components Ration A Ration B* 
Butter fat (washed), gm...... 3 
Cod liver oil, gm........ 2 
Liver filtratet... + = 4 gm. liver concentrate 
powder 
Choline, mg.......... 100 | 100 


* 2 drops of haliver oil were fed weekly to each rat 

t We are indebted to Merck and Company, Inc., Rahway, New Jersey, 
for generous supplies of thiamine, pyridoxine, riboflavin, pantothenic acid, 
choline, and nicotinic acid. 

tA fullers’ earth filtrate of butanol extract of 1:20 liver concentrate 
powder (Wilson). It was prepared according to the directions of Conger 
and Elvehjem (12) and contained 0.1 y of riboflavin per gm. of original liver 
concentrate when assayed by a microbiological method (13). 


deficiency, while the two groups receiving riboflavin were in good 
outward condition. 

Ration B was employed in Series II. In contrast to the previous 
group, the rats in this series were depleted for 10 weeks. The 
growth on Ration B, as on Ration A, was extremely poor and 
ceased entirely after 2 weeks on the experimental diet. After 10 
weeks the animals exhibited the typical riboflavin deficiency 
syndrome. ‘Twelve rats were sacrificed at the end of the deple- 
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tion period, while the remainder were given various supplements 


of riboflavin, as indicated in Table II. 


The oral supplements 


were supplied in individual supplement dishes and the injections 


were given by the subcutaneous route. 


TABLE II 


In some groups, as indi- 


Effect of Riboflavin Deficiency upon Xanthine Oxidase Activity of Rat Liver 


| 


|  Xanthinet 
| Dura- | | No. of oxidase activity 
Ration Daily riboflavin therapy | tion of | Food allowance* vate Se 
therapy Aver- | Ra 
Series I 
days 
A | 0 Adlibitum | 6 | 119) 0-218 
3 (Oral) 6 | 400 369-414 
” 6 | 528 | 435-606 
Series IT 
Bs 0 Ad libitum | 12 | 113) 0-226 
30 (Oral) | 20 3 | 303 268-342 
6 | 276 | 228-318 
10 Restricted 6 420 388-500 
1000S 4 | 531 405-624 
800 (Subcuta- 3 " 8 | 519 | 426-594 
neous injec- | 
tion) | | | 

Stock} Ad libitum | 20 | 600 504-780 


after therapy was instituted. 

t The xanthine oxidase activity is denoted as the rate of oxygen uptake 
per 20 minute interval during the linear portion of the reaction (endogenous 
values subtracted) and is expressed as c.mm. of oxygen per gm. of dry weight 
of tissue. 

t This group consisted of animals from the stock colony. 


cated in Table II, the daily food intake was limited to 3 gm. of 
basal ration after riboflavin therapy was begun. No growth was 
observed in these animals. When fed ad libitum, rats given diets 
supplemented with riboflavin showed the usual growth response 
of 4 to 5 gm. per day. 

Determination of Xanthine Oxidase—The xanthine oxidase ac- 


| 
| 

| 

* Animals in the restricted groups received 3 gm. of basal ration per day 
| 


A. E. Axelrod and C. A. Elvehjem 729 


tivity of a given tissue preparation was obtained by determining 
the rate of oxygen consumption with xanthine as the substrate. 
The Barcroft differential respirometer with air as the gas phase 
and potassium hydroxide in the inner well was employed for the 
manometric measurements. All experiments were carried out 
at 37°. 

A series of preliminary experiments was conducted in order to 
determine the optimum conditions for the study of this enzyme in 
animal tissues. Minced liver preparations (200 mg. of liver per 
flask) were first used as the source of the enzyme and the effect 
of different buffers upon the xanthine oxidase activity was noted. 
Krebs’ Ringer-phosphate solution (14), pH 7.4, both with and 
without 0.0025 m calcium, and an M/30 phosphate buffer, pH 7.4, 
containing an equal number of moles of sodium and potassium 
were employed in a final volume of 2 ec. 0.15 ce. of 0.05 M xan- 
thine, added to the flasks at the beginning of the experimenit, 
served as the substrate. The results of a typical experiment are 
given in Fig. 1 where it is seen that the removal of caleium from 
the Krebs’ Ringer-phosphate medium resulted in a considerable 
increase in the endogenous respiration. The endogenous respira- 
tion in the presence of the m/30 phosphate buffer was similar to 
that observed in the Krebs’ Ringer-phosphate. The interesting 
fact to be noted from the experiments with different buffers is 
that the length of the lag period, i.e. the period during which 
the xanthine has no stimulatory effect on respiration, is a direct 
function of the extent of the early endogenous respiration. Thus, 
the lag period is consistently shorter in the Krebs’ Ringer-phos- 
phate and in the M/30 phosphate buffer media than in the caleium- 
free Krebs’ Ringer-phosphate. In all the buffer media, the ulti- 
mate rate of xanthine oxidation remained the same. This effect 
upon the lag period may be due to the presence of substrates 
competing with the xanthine for some essential hydrogen “trans- 
port” agent. In cases in which the endogenous respiration is 
lowered, this “transport’’ agent is made more available for the 
oxidation of xanthine. 

Similar experiments with the same buffer solutions were per- 
formed with corresponding weights of homogenized rat liver tissue 
prepared according to the directions of Potter and Elvehjem (15). 
The varying effects of the buffers upon respiration were identical 
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with those obtained when minced liver was used. The increased 
endogenous respiration in the calcium-free Krebs’ Ringer-phos- 
phate was again accompanied by an increase in the lag period. 
As with the minced liver, the rates of the xanthine oxidation were 


105 


KREBS’ RINGER-PHOSPHATE BUFFER 
20 40 60 80 100 120 140 160 


MINUTES 


Fic. 1. The respiration of 200 mg. of minced rat liver both in the presence 
and absence of 0.15 cc. of 0.05 m xanthine which was added to the flask at 
the beginning of the experiment. Krebs’ Ringer-phosphate buffer both 
with and without calcium (0.0025 m) was employed in a final volume of 2 ce. 


not altered in the presence of the different buffer media. The 
xanthine oxidase activity per unit weight of tissue was the same 
in both the minced and the homogenized liver preparations. 

Under our experimental conditions no xanthine oxidase activity 
was found in either rat kidney or brain. Rat liver was, therefore, 
the only tissue employed in the present study. 
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The following procedure was finally adopted for the assay of 
the xanthine oxidase activity of rat liver. All of the results 
recorded in this paper were obtained by the use of this method. 
The liver was removed from a decapitated rat and freed from any 
adherent blood with moistened filter paper. A portion of the 
liver was weighed into a tared homogenizer tube and immediately 
homogenized (15) with 5 volumes of 0.039 m phosphate buffer of 
pH 7.4 containing an equal number of moles of sodium and potas- 
sium. 1.7 cc. of this homogenized mixture containing 284 mg. 
of tissue were used per flask. The substrate, consisting of 0.15 cc. 
of 0.05 m xanthine in 0.05 m NaOH, was placed in a Keilin cup 
and added to the tissue by dislodging the Keilin cup at the appro- 
priate time. Water was added to make a total volume of 2 cc. 
The contents of the left and right flasks were identical with the 
exception of the homogenized tissue which was placed in the right- 
hand flask, while 1.7 ec. of buffer were placed in the left-hand flask. 
The pH of the final mixture after the alkaline substrate was tipped 
in was 7.5 as measured by the glass electrode. The center well 
contained 0.4 ec. of 10 per cent KOH added to a roll of filter paper. 
All determinations were run in duplicate at 37° with air as the gas 
phase. After an equilibration period of 10 minutes the stop-cocks 
were closed and readings were taken every 10 minutes for 40 
minutes as described later for the uricase determination. The 
Keilin cups containing the xanthine were then dislodged and read- 
ings were taken at 20 minute intervals for 100 minutes. In every 
experiment the endogenous respiration (in the absence of added 
xanthine) was determined over the experimental period of 140 
minutes and these values were subtracted from those obtained in 
the presence of xanthine in order to give the true rate of xanthine 
oxidation. The endogenous respiration did not vary significantly 
with the various groups of animals. The course of a typical 
experiment with a normal animal is given in Fig. 2. The rate of 
oxygen consumption during the linear portion of the curve was 
taken as a measure of the xanthine oxidase activity. 

With the procedure described above, the effects of varying 
levels of tissue and varying amounts of xanthine upon the respira- 
tion of homogenized liver from normal rats were studied. In six 
experiments it was found that the xanthine oxidase activity 
(expressed as the rate during the linear portion of the oxidation 
process) was independent of amounts of xanthine ranging from 
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0.0025 to 0.0175 mm per flask. In three experiments, with the 
same range of xanthine concentration, the activity decreased 20 
to 30 per cent in the presence of 0.0175 mm. It is apparent that 
in some cases xanthine in larger amounts may inhibit the xanthine 


CMM, 
of Oo 
160 
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Fig. 2. Rate of oxidation of xanthine and lithium urate by homogenized 
liver tissues of normal and riboflavin-deficient rats. Temperature 37°, 
pH 7.5, m/30 sodium plus potassium phosphate buffer, 0.15 cc. of 0.05 m 
xanthine and 0.3 ec. of 0.04 m lithium urate, 284 mg. of tissue. Final volume 
2 ce. The substrates were added at the points indicated. Endogenous 
respiration has been subtracted. 


oxidase activity to a certain extent. 284 mg. of tissue were used 
per flask in these experiments. At all the levels of substrate 
employed, twice the theoretical amount of oxygen, calculated for 
the complete oxidation of the xanthine to uric acid, was consumed. 
The xanthine oxidase activity (expressed as the rate of oxygen 
consumption during the linear portion of the curve per unit of 
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weight) studied with amounts of tissue ranging from 600 to 100 mg. 
per flask was not a function of the weight of tissue used. 0.15 ce. 
of 0.05 m xanthine was employed in these experiments. It is 
thus evident that our conditions (284 mg. of tissue and 0.0075 mm 
of xanthine per flask) are suitable for the measurement of the 
xanthine oxidase activity. 

Determination of Uricase—As shown in Fig. 2, the amount of 
oxygen consumed in the oxidation of xanthine is twice that which 
is calculated for the complete oxidation of xanthine to uric acid 
on the basis that 1 atom of oxygen is necessary for the oxidation 
of 1 molecule of xanthine to uric acid. This reaction is catalyzed 
by xanthine oxidase. The excess amount of oxygen consumed 
can be accounted for by the oxidation to allantoin of the uric acid 
resulting from the oxidation of xanthine. The former reaction is 
catalyzed by the enzyme uricase. Such an explanation is plausi- 
ble, since rat liver is rich in uricase and since 1 molecule of uric 
acid also consumes | atom of oxygen in its oxidation to allantoin. 
It is apparent, therefore, that the rate of oxidation in the presence 
of xanthine actually represents the summation of both xanthine 
oxidase and uricase activities. The use of such a rate as a quanti- 
tative measure of xanthine oxidase activity becomes valid only 
if it is demonstrated that the uricase activity never becomes a 
limiting factor in the oxidation of the xanthine to allantoin. With 
that in mind, the uricase activity of every liver preparation was 
determined along with the measurement of the xanthine oxidase 
content. 

The method for the assay of uricase activity was identical with 
that described for the determination of xanthine oxidase with the 
exception of the substrate which now consisted of 0.3 ce. of 0.04 
M lithium urate in a Keilin cup. The lithium urate was added 
10 minutes after the closing of the stop-cocks and readings were 
taken every 10 minutes thereafter for 30 minutes. At the end of 
this period all of the lithium urate had been oxidized and the 
theoretical oxygen consumption was realized. The endogenous 
respiration was subtracted and the results of a typical reaction 
are given in Fig. 2. The oxidation of lithium urate was very rapid 
and in no case would the rate of this process be limiting in the 
over-all oxidation of the xanthine to allantoin. It is valid to 
assume, therefore, that a measurement of the rate of oxidation in 
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the presence of xanthine is a true criterion of the xanthine oxidase 
activity of the tissue. It is important to note that the uricase 
activity of the riboflavin-deficient rats was identical with that of 
normal rats and a lowering in the xanthine oxidase activity cannot 
be attributed to a decrease in uricase content. 

The effects of varying levels of both tissue and substrate upon 
uricase activity were studied. The uricase activity of 284 mg. 
of homogenized tissue did not vary with amounts of substrate 
ranging from 0.016 to 0.008 mm per flask. The oxidation of 
lithium urate catalyzed by the enzyme uricase under our experi- 
mental conditions appears to be a reaction of the “‘zero’’ order, 
The rate of oxidation of lithium urate (0.012 mm per flask) de- 
creases gradually with amounts of tissue ranging from 300 to 
100 mg. per flask. The rates expressed as c.mm. of oxygen per 
10 minute interval are 108, 92, and 68 for 300, 150, and 100 mg. 
of tissue per flask, respectively. Since the rate of oxidation in the 
presence of xanthine (endogenous values subtracted) is directly 
proportional to the amount of tissue present, the lack of such pro- 
portionality with uricase activity is further evidence that the rate 
of urate oxidation is not the determining factor in the oxidation of 
xanthine under our conditions. 100 mg. of tissue are capable of 
oxidizing lithium urate at a rate of 136 ¢.mm. of oxygen per 20 
minute interval, while the same amount of tissue can oxidize xan- 
thine at a rate of only 20 c.mm. of oxygen during the same period. 
This divergence in rates illustrates the extreme activity per unit of 
weight of tissue of uricase as compared to that of xanthine oxidase. 


Results 


The results of the determinations of the xanthine oxidase con- 
tents of livers from rats from Series I and II are given in Table II. 
Also included is the xanthine oxidase activity of livers from normal 
stock rats. The reaction rates observed in a typical experiment 
with liver from a riboflavin-deficient rat are given in Fig. 2. 

The following facts are brought out by these results: (1) The 
xanthine oxidase activity of rat liver is greatly diminished in 
riboflavin deficiency. In a number of cases the complete absence 
of xanthine oxidase activity was noted. The values for the normal 
stock rats are 5 times those of the riboflavin-deficient rats. (2) A 
limited riboflavin therapy (3 and 6 y of riboflavin per day) over a 
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long period of time (63 days), as in Series I, increases greatly the 
xanthine oxidase activity of rat liver. Thus, 3 y of riboflavin 
per day result in a 3-fold increase, while 6 y per day cause an 
approximately 4-fold increase in xanthine oxidase activity. 
(3) Riboflavin therapy (30 y of riboflavin per day) over either a 
10 or 20 day period, during which a rapid growth response ensued, 
results in only a 2}-fold increase in xanthine oxidase activity. 
The same therapy when given to rats whose food intake was 
restricted produces a more pronounced increase in xanthine oxidase 
activity. (4) When the food intake is restricted, 100 y of ribo- 
fiavin per day (orally) for,7 days and 800 y of riboflavin per day 
(subcutaneous injection) for 3 days restore the xanthine oxidase 
activity to practically its normal value. The simultaneous injec- 
tion of muscle adenylic acid had no further effect. 

It was of interest to determine which component of xanthine 
oxidase, the prosthetic group or the protein portion, was diminished 
in riboflavin deficiency. A decrease in either or in both of these 
components could conceivably result in a decreased xanthine 
oxidase activity. An enzyme preparation was prepared from 
fresh cream by following Ball’s (9) procedure through Step III. 
A preparation with a Qo, of 72 was obtained, readings during the 
first 20 minutes of the reaction being employed. The prosthetic 
group was prepared by simply heating the enzyme at 80° for 10 
minutes and centrifuging off the denatured protein. The resulting 
supernatant was a clear, yellow solution, 0.2 cc. of which was able 
to oxidize xanthine at a rate of 120 microliters of oxygen per 20 
minutes when combined with its original protein moiety from 
cream. The amount of oxygen consumed was that calculated for 
the oxidation of xanthine to uric acid. It is to be noted that the 
amount of tissue employed in our experiments with normal ani- 
mals was only capable of oxidizing xanthine at a rate of 60 micro- 
liters of oxygen per 20 minutes, this rate being a summation of 
both xanthine oxidase and uricase activities. 0.2 ce. of this solu- 
tion, therefore, represents an excess of prosthetic group and when 
added to the homogenized tissue from a _ riboflavin-deficient rat 
should increase the xanthine oxidase activity to its normal value 
provided the protein component were present in normal amounts 
in the deficient tissue. This reasoning is based upon the assump- 
tions that the cream enzyme is identical with that from liver and 
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that the reversible splitting of the prosthetic group and protein 
observed by Ball may also occur under our experimental condi- 
tions. Actually, in six experiments, the addition of the prosthetic 
group to homogenized tissue from riboflavin-deficient rats had no 
effect whatever upon the xanthine oxidase activity. The conclu- 
sion was drawn that the tissue from the riboflavin-deficient rat 
did not have its normal complement of the protein component of 
xanthine oxidase. 

The possibility still existed that the lack of xanthine oxidase 
activity in the livers from the riboflavin-deficient rats could be 
due to the presence of inhibiting substances in this tissue. This 
possibility was shown to be unlikely, since the xanthine oxidase 
activity of the cream enzyme was not impaired when the enzyme 
was added to tissue from a deficient rat. The activity of the cream 
enzyme was doubled upon addition to the tissue. This effect is 
very likely due to the uricase activity of the tissue which, as 
previously discussed, is superimposed upon the xanthine oxidase 
activity. 


DISCUSSION 


The experimental results presented in this paper indicate clearly 
that the xanthine oxidase activity of rat liver is considerably 
diminished in riboflavin deficiency. The available evidence points 
to the fact that this decreased activity is not due to the presence 
of inhibiting substances but rather that it represents a true defi- 
ciency in xanthine oxidase content. Under the correct experi- 
mental conditions the xanthine oxidase content can be restored 
to its normal value by riboflavin therapy. This may be taken as 
presumptive evidence for the fact that some essential component 
of xanthine oxidase is related structurally to riboflavin. This 
interpretation of our results agrees with the observations of Ball (9) 
and Corran and coworkers (10) that xanthine oxidase is a flavo- 
protein. 

The inability of an excess of prosthetic group to stimulate the 
xanthine oxidase activity of tissue from a riboflavin-deficient rat 
indicates that the protein component of this enzyme is diminished 
in the deficiency. The situation in the case of xanthine oxidase, 
therefore, differs from that with d-amino acid oxidase, since Rossi- 
ter (6) has shown that a riboflavin deficiency does not affect the 
protein component of d-amino acid oxidase. No direct evidence 
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has been presented in this paper to show that the prosthetic group 
of xanthine oxidase is diminished in riboflavin deficiency. How- 
ever, the rapid restoration of the normal enzyme content following 
the administration of riboflavin to rats whose food intake is 
restricted seems to indicate that riboflavin is a precursor of the 
prosthetic group which is rapidly being formed and that the mobili- 
zation of the protein constituent parallels the formation of the 
prosthetic group. 

An immediate growth response resulting from riboflavin therapy 
(30 y per day) instituted at the end of a long depletion period is 
accompanied by the inability of the animal to effect a complete 
restoration of xanthine oxidase. The same therapy when given 
to rats whose daily food intake is restricted is able to produce a 
more marked increase in xanthine oxidase activity. A similar 
effect was noted in a previous study of the relationship of a ribo- 
flavin deficiency to the d-amino acid oxidase content of rat tis- 
sues (5). In the case of d-amino acid oxidase it was shown that 
other members of the vitamin B complex were the limiting factors 
in the formation of this enzyme, while with xanthine oxidase 
riboflavin given in doses of 30 y per day is apparently the factor 
which limits the formation of the enzyme by the rapidly grow- 
ing rat. 


SUMMARY 


1. A method has been described which is suitable for the mano- 
metric determination of the xanthine oxidase activity of rat liver. 

2. The xanthine oxidase activity of rat liver is greatly diminished 
in riboflavin deficiency. Riboflavin therapy administered to rats 
whose food intake is restricted restores the xanthine oxidase ac- 
tivity to its normal value. The restoration of the enzyme is not 
as complete in those rats fed ad libitum in which a rapid growth 
response results from riboflavin therapy. 

3. Evidence is presented to show that the protein component 
of xanthine oxidase is diminished in riboflavin deficiency. It is 
believed, however, that the diminution of the protein constituent 
is a result of the lowered content of prosthetic group. 
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THE NICOTINIC ACID AND COENZYME CONTENT OF 
ANIMAL TISSUES 


By PHILIP HANDLER anv W. J. DANN 


(From the Department of Physiology and Pharmacology, Duke University 
School of Medicine, Durham, North Carolina) 


(Received for publication, June 19, 1941) 


Several methods, both chemical and biological, have been used 
to estimate the nicotinic acid and pyridine nucleotide content of 
animal tissues. The discrepancies among the values reported on 
the basis of these methods have done much to hinder progress in 
the study of the metabolism of nicotinic acid. Table I summarizes 
the reports in the literature on the pyridine nucleotide content of 
rat tissues. 

It will be seen that the figures of Axelrod, Madden, and Elvehjem 
(2) and those of von Euler et al. (1) are of different orders of magni- 
tude from those of the other workers. In general, such disagree- 
ment as this may arise from inadequate sampling, inherent errors 
in the methods, improper evaluation of the purity of the standard 
preparations employed, or actual strain differences among the 
rats. 

The various techniques used for the preparation of the required 
tissue extracts for coenzyme analysis have all been well calculated 
to inactivate rapidly the tissue enzymes which destroy the pyridine 
nucleotides and seem well adapted to their task; the error intro- 
duced in the preparation of the extracts should, therefore, be 
negligible. All methods for the determination of coenzymes I 
and II, thus far reported, involve comparison of a tissue extract 
with a standard preparation of either coenzyme I (diphospho- 
pyridine nucleotide) or coenzyme II (triphosphopyridine nucleo- 
tide) of known purity. In order to investigate the possibility of 
the standard preparation as a source of error, fresh diphospho- 
pyridine nucleotide was prepared from yeast by the method of 
Warburg and Christian (5) so as to obtain their Reinheitsgrad 1. 
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The nicotinic acid content of this material was determined by the 
K6nig reaction (6) with CNBr and metol after preliminary hy- 
drolysis with 2N HCl. The phosphorus content was measured by 
the method of Fiske and Subbarow (7). The preparation con- 
tained 75 per cent of the theoretical amount of nicotinic acid and 
78 per cent of the theoretical amount of phosphorus. A second 
preparation of diphosphopyridine nucleotide was supplied by Mr. 


TaBLe | 
Reported Coenzyme Content of Rat Tissues 


| Biblio- 
Authors Coenzyme Liver | Kidney | Muscle 
| | No. 
per gm.|y per per 
von Euler et al..... land IT) 245 | 200 | 260 1 
Be 1114 | 1077 | 782 | 2 
Bernheim and von Felsovanyi...| “‘and II | 542 | 510 | 522 | 3 
TaBe II 
Comparison of Diphosphopyridine Nucleotide Preparations by Three 
Techniques 


Preparation | was made in our laboratory; Preparation 2 was obtained 
from Mr. Kensler. The maximum absolute purity was calculated from the 
nicotinic acid content of each preparation; the ratios were calculated on 
the basis of 100 per cent purity for Preparation 1. 


: Nicotinic acid | : Fermentation Maximum abso- 
Preperation No. ratio } V factor ratio ratio lute purity 


2 | 19.5 | 00 | 2.5 14.7 


C. J. Kensler of the Memorial Hospital for the Treatment of 
Cancer and Allied Diseases, New York. The nicotinic acid con- 
tent of this preparation was also determined by the Kénig reaction 
and the two standards compared for the V factor activity by the 
method of Kohn (8). At the same time the activities of the two 
preparations in the yeast fermentation system of von Euler (9) 
and Myrbiick (10) were compared by Mr. Kensler. The results 
of these comparisons are summarized in Table IT. 


SS 
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The agreement among the three comparative techniques was 
surprisingly good. When fairly pure preparations of diphospho- 
pyridine nucleotide were used the two most frequently employed 
analytical procedures were in fine agreement. A sample of co- 
enzyme I obtained from Dr. Axelrod which had been said to be 
pure originally by Professor Warburg was calibrated against our 
preparation in the same fashion. On the basis of its nicotinic 
acid content and V factor activity it was found to have a maxi- 
mum absolute purity of 76 per cent. This might have been due 
to deterioration since the original analysis of the preparation. 
Kensler and coworkers (personal communication), using essentially 
the fermentation procedure of Axelrod et al., have determined the 
coenzyme I content of rat tissues by comparing them with the 
preparation of diphosphopyridine nucleotide whose calibration is 
described above. The values so obtained were of the order of 
magnitude of those reported by Bernheim and von Felsovanyi. 
Since the various extraction techniques seem adequate and since 
the two most commonly employed analytical procedures gave 
identical results when fairly pure standards were used and were 
also in good agreement when tissue extracts were compared with 
these adequately calibrated standards, it appears that the dis- 
crepancies among the various reported values for the coenzyme 
content of rat tissues may well be due to improper evaluation of 
the purity of the standard preparations of coenzyme which have 
been employed. 

Comparison of Nicotinic Acid and Coenzyme Content of Rat 
Tissues—-No simultaneous determinations of the nicotinic acid 
and pyridine nucleotide content of animal tissues have as yet been 
reported. Since such a comparison would not only afford a check 
on the analytical techniques but also yield some valuable metabolic 
data, such a study was undertaken. Nicotinic acid determinations 
by the method of Dann and Handler (11) and analyses for total 
coenzymes I and II by the V factor technique of Kohn (8) were 
performed simultaneously on the tissues of twelve adult rats. 
The results are summarized in Table III. 

The total pyridine nucleotide present is expressed as micrograms 
of coenzyme I per gm. of tissue. This is valid, since equimolar 
quantities of diphosphopyridine and triphosphopyridine nucleo- 
tides have equal activity in promoting the growth of Hemophilus 
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parainfluenzae. By “‘bound”’ nicotinic acid is meant that nicotini¢ 
acid which exists as part of the pyridine nucleotide molecules, 
This figure is obtained by dividing the coenzyme figure by 5.4, 
By “unbound” nicotinic acid is meant simply all nicotinic acid 
other than that defined as “bound.” 

It will be seen that all of the nicotinic acid of rat muscle and 
kidney was bound, but 58 per cent of the nicotinic acid of rat 
liver was unbound. Nothing is known of the significance or 
chemical form of the unbound acid: studies on the dog show that 
it is not just a store (12). Further, the very close agreement 
between the figures for bound and total nicotinic acid in kidney 


TABLE III 


Nicotinic Acid and Coenzyme Content of Tissues of Twelve Rats of Vanderbilt 
Strain (Mean and Standard Error) 


Liver samples were taken at random from any lobe of the liver, kidney 
samples from the cortex only, and muscle samples from the thigh. 
The values are given in micrograms per gm. of tissue. 


Liver Kidney Muscle 
| Mean Mean 8.8. | Mean | 5&.E. 
Coenzyme I and II... 396 4:33 | 650 +20 466 | +9 
Total nicotinic acid 175 +3.7 132 | 43.6) 86 40.9 
Bound 73 +3.7> 86 | 41.7 


Unbound “ 102 | 0 


*The values 131 and 121 do not differ significantly. 


and muscle makes it appear highly unlikely that such agreement is 
fortuitous and demonstrates the accuracy of the two analytical 
techniques employed. The absence of any unbound nicotinic 
acid in kidney and muscle would seem to indicate a very special 
function for this fraction of the liver nicotinic acid. 

Comparison of Two Strains of Rats—-In order to determine 
whether strain differences might account for any of the discrepan- 
cies in the reported values for the nicotinic acid and coenzyme 
content of rat tissues, this same comparison was made on the 
tissues of six rats of the Sherman strain which had been fed on 
the same dietary régime as the Vanderbilt strain rats above. The 
results of these determinations are summarized in Table IV. 

There was no significant differenee between these values and 
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those obtained for the Vanderbilt strain. This constancy and 
small variation within the species can, perhaps, be accounted for 
by the ability of the rat to synthesize nicotinic acid as required, 
as has been shown by Dann and Handler' and by Perlzweig and 
Huff Since the V factor technique serves as a measure of both 
diphosphopyridine and triphosphopyridine nucleotides, values 


TABLE IV 


Nicotinic Acid and Coenzyme Content of Tissues of Five Rats of Sherman 
Strain 


The values are given in micrograms per gm. of tissue. 


| Liver | Kidney | Muscle 

Coenzyme I and IT................ | 372 633 494 

Total nicotinic acid................, 178 | 125 

Bound “ 1s 91 

TABLE V 


Nicotinic Acid Content of Tissues of Growing Ral 


Twelve rats were included in each group. The amount of nicotinic 
acid in the liver of the adult rat is an approximation calculated from an 
average liver weight of 12 gm. 


Liver 
| Concentration | Total | 
per gm. y perliver | pergm. per gm. 

New-born 100 29 
7 days..... ; 147 48 
159 423 | 73 
ree 175 2100 132 86 


for coenzyme I obtained by the yeast fermentation technique 
must, perforce, be lower than the total pyridine nucleotide figures 
reported herein. 

Nicotinic Acid Content of Rats at Several Age Levels —Bernheim 
and von Felsovanyi (3) have measured the coenzyme I and II 
content of the livers of rats at various ages and found a 5-fold 


Dann, W. J., and Handler, P., unpublished data. 
? Perlaweig, W. A., and Huff, J., personal communication. 
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increase within the Ist week after birth, after which the concen- 
tration remained fairly constant. We have undertaken a similar 
study of the nicotinic acid content of rat tissues which in the very 
young rats was limited to liver alone owing to the difficulty in 
obtaining large enough samples of the other tissues before weaning 
age. The results of this study are summarized in Table VY. 
The concentration of nicotinic acid in the livers of the new born 
rats was found to be about 60 per cent of the level found in the 
adult rats and, as in the coenzyme study of Bernheim and von 
Felsovanyi, the increase in concentration was almost completed 
within the Ist week after birth. The total amount of nicotinic 
acid present in the livers of these animals continued to rise till 
maturity as the liver increased in weight. Apparently the rat is 
born with no store of nicotinic acid for future use. It cannot be 
stated whether the initial rise in the liver concentration of nicotinic 
acid was due to synthesis by the rat or to the nicotinic acid in- 
gested with the mother’s milk. However, in view of the low 
nicotinic acid content reported for cow’s milk (13) and for human 
milk (14) the latter possibility seems remote. The concentration 
of nicotinic acid in the kidneys and muscle of the weanling rats 
(24 days old) was only slightly lower than that of the adult rats, 


Our thanks are due to the John and Mary R. Markle Foundation 
for a grant in aid of this study, to Mr. C. J. Kensler for his generous 
cooperation, and to Dr. J. Raymond Klein for his cooperation in 
the preparation of the diphosphopyridine nucleotide. 


SUMMARY 


The discrepancies among the reported values for the pyridine 
nucleotide content of rat tissues have been found to be mainly due 
to improper evaluation of the purity of the standard nucleotide 
preparations with whose activity the tissues have been compared. 

Simultaneous determinations of the nicotinic acid and pyridine 
nucleotide content of rat tissues have shown that all of the nicotinic 
acid of the kidney cortex and muscle exists as part of the nucleotide 
molecules, while 58 per cent of the nicotinic acid of the liver is not 
so bound but exists in some other form. 

The nicotinic acid and coenzyme I and II contents of the tissues 
of two strains of rats have been shown to be almost identical; 
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figures are presented for the nicotinic acid content of the tissues 
of rats at various ages. 
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GLYCONEOGENESIS IN KIDNEY TISSUE OF THE 
ADRENALECTOMIZED RAT* 


By JANE A. RUSSELLt ann ALFRED E. WILHELMI 


(From the Laboratory of Physiological Chemistry, Yale University School 
of Medicine, New Haven) 


(Received for publication, June 19, 1941) 


Kidney tissue from adrenalectomized rats has been shown to be 
deficient with respect to the rates of oxidative deamination of 
certain amino acids and the rates of oxidation of the corresponding 
keto acids and of succinic acid (1). Since kidney tissue, like liver 
tissue, can form carbohydrate from these substrates, it is of in- 
terest, in view of the known defects in the rate of glyconeogenesis 
following adrenalectomy (2), to inquire whether carbohydrate 
formation from amino acids and their products of deamination is 
impaired in kidney tissue from adrenalectomized rats. The data 
from the experiments to be described suggest that one factor 
limiting the rate of glyconeogenesis from amino acids in adrenal- 
ectomized rats is the rate of deamination, and that in certain 
instances a factor involving some preliminary, probably oxidative, 
changes in the deamination residues may also limit the rate of 
glyconeogenesis. 


EXPERIMENTAL 


The animals used were young male albino rats of Wistar strain. 
The adrenalectomized rats were used after a postoperative 
interval of at least a week and the animals were maintained 
in good condition by providing them with a sodium chloride- 
sodium bicarbonate solution to drink. The method of preparing 


* The expenses of this work were supported by a grant from the Fluid 
Research Fund of Yale University School of Medicine and by a grant to 
Dr. C. N. H. Long from the Committee on Research in Endocrinology of 
the National Research Council. 

t Lalor Foundation Fellow (1940-41). 
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the tissues has already been described (1). The sampling of tissue 
slices was altered in these experiments, since the method of de- 
termining carbohydrate precluded direct determination of the 
dry weight of the sample. Excess moisture was removed from 
each tissue slice by lightly blotting it upon a moistened No, 4 
Whatman filter paper as it was withdrawn from the pooled lot in 
buffer solution. The slices were collected and weighed on a tor- 
sion balance. In each experiment a number of small samples 
(50 to 100 mg.) were weighed, transferred to tared vials, and 
placed in an oven at 110° for determination of dry weight. In 
this way a series of wet weight to dry weight ratios was obtained 
for the kidney slices from both normal and adrenalectomized rats, 

Oxygen consumption was measured by the Warburg manometric 
technique. In each vessel were 3.0 ml. of the physiological saline 
solution containing phosphate buffer (pH 7.4) described by Krebs 
(3), and the vessels were filled with oxygen. In the experiments in 
which carbohydrate synthesis was studied the vessels were, for 
reasons of convenience in later manipulations, 25 ml. Erlen- 
meyer flasks. Each vessel contained 3.0 ml. of the physiological 
saline solution containing the bicarbonate buffer (pH 7.4) de- 
scribed by Krebs and Henseleit (4), and the vessels were filled 
with a 95 per cent oxygen and 5 per cent carbon dioxide gas 
mixture. All experiments were carried out at a bath temperature 
of 37.5°. 

A procedure adapted from West and Peterson (5) was used in 
the preparation of tissues and fluids for the determination of 
carbohydrate. When the disappearance of added glucose was 
determined, the tissues and fluids were transferred directly to 20 
ml. volumetric flasks containing | ml. of the precipitating agent of 
West and Peterson. When total carbohydrate was determined, 
1 ml. of 4.N sulfuric acid was added to each vessel, and the vessels 
were placed in the boiling water bath for 2 hours. During the 
digestion the tissue was broken up with a glass rod. At the end of 
the digestion the contents of the vessels were transferred to 20 
ml. volumetric flasks containing | ml. of the precipitating agent. 
Carbohydrate was determined by the micromethod of Somogyi 
(6) on duplicate 5 ml. aliquots of the cleared filtrates. 

Two series of experiments were performed. In one, the rate of 
disappearance of added glucose and the effect of glucose on oxygen 
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uptake were studied. In the other, determinations were made 
of the rate of carbohydrate formation in the presence of the sub- 
strates succinic acid, pyruvie acid, dl-alanine, /(+)-glutamic acid, 
and a-ketoglutaric acid.'' In evaluating the data we regard each 
tissue sample as an individual observation, and the mean value of 
each series of observations is taken as the best estimate of the 
performance of the tissue under the experimental conditions. 
The mean values and their standard errors and the significance 
of the differences between means are calculated by the methods 
outlined by Fisher (7). 


Results 


The wet weight to dry weight ratios obtained for kidney tissue 
from normal and from adrenalectomized rats under the sampling 
conditions described above did not differ significantly. The mean 
values were 5.29 + 0.04 for eighteen observations on normal 
tissue and 5.39 + 0.04 for sixteen observations on kidney slices 
from adrenalectomized rats. This is not in real disagreement with 
the results of Crismon and Field (8), who noted a difference in the 
wet weight to dry weight ratios of the two classes of kidney tissue, 
since it has been observed (9) that tissue slices readily imbibe 
fluids in which they are immersed, and this imbibition may be 
expected to equalize any initial differences in water content. In 
these experiments, therefore, differences in water content do not 
play a part in determining the differences observed between kidney 
tissues from normal and from adrenalectomized rats. 

The results of the experiments in which the disappearance of 
added glucose and the effect of glucose on oxygen uptake were 
studied are summarized in Table I. There is no significant differ- 
ence in the rate of oxygen uptake by the two classes of tissue, 
either in the absence of substrate or in the presence of glucose. 
Glucose causes an increase in the rate of oxygen uptake of the 
same order of magnitude (7 to 11 per cent) in each instance. 
A study of the rates of oxygen uptake at 20 minute intervals 
throughout the experiments shows that the increase in the presence 
of glucose is due to the maintenance of the initial rate of oxygen 


' The suecinie acid, dl-alanine, and I(+)-glutamie acid were Eastman 
products. We are indebted to Dr. Philip P. Cohen for generous supplies 
of pure pyruvie acid and a-ketoglutaric acid. 
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uptake, which is the same in the presence or in the absence of 
glucose. This is indicated on a coarser scale by the rates of 
oxygen uptake for the Ist and 2nd hours of the experiment, 
Tipton (10) has made similar observations on the effect of glucose 
upon liver slices from normal and from salt-maintained adrenal- 
ectomized rats. 

There is a somewhat smaller disappearance of added glucose in 
the presence of kidney slices from adrenalectomized rats than there 


TABLE I 
Rate of Disappearance of Added Glucose and Effect of Glucose on Oxygen 
Uptake in Kidney Slices from Normal and from Adrenalectomized Rats 
Glucose concentration, 100 mg. per cent; time of incubation, 2 hours. 
N. = normal; A. = adrenalectomized. The figures in parentheses represent 
the number of observations in each group. Qo, = ¢.mm. of oxygen per 
mg. of dry weight per hour: Qq = mg. of glucose per gm. of wet weight 
per hour. 


Weight Glucose ~ Go, 
Description 
e 
2/2 
mg. | mg. os. mg. | mg. = 
Control N. (8) [178.4] 33.6) 3.04/2.92 {0.12 
A. (4) {175.1} 32.4) 3.00/2.87 10.13 
No substrate | N. (2) |180.2) 34.4 0.015 20.0)17.4 
A. (2) |173.2) 32.0 0.03 18.3)16.7 
Glucose N. (6) |177.5) 33.9) 3.04/2.36 |0.56/20.4)19.8)1.57 + 0.04 
A. (6) 1179.1) 33.1) 3.00/2.41 + 0.11 


is in the presence of kidney slices from normal rats. The differ- 
ence, as calculated by “Student’s’’ method for small samples (7), 
is 0.27 + 0.18 mg. per. gm. of wet weight per hour, and the value 
of t is 2.4750. Since the probability of such a difference occurring 
by chance is rather better than 1:20, the observed difference 
cannot be considered significant. <A difference in the rate of utili- 
zation of glucose is therefore not an important factor influencing 
the total carbohydrate found in kidney tissues from normal and 
from adrenalectomized rats. 

Table IT summarizes the data of experiments on the formation of 
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carbohydrate from added substrates. There is no difference 
between the two classes of tissue either in initial total carbohydrate 
or in the increment in total carbohydrate during 2 hours incuba- 
tion in the absence of substrate. Neither is there a significant 
difference in the rate of carbohydrate formation in the presence of 
pyruvate and succinate. The differences in rates of oxygen uptake 


TABLE II 


Formation of Carbohydrate from Added Substrates by Kidney Slices from 
Normal and from Adrenalectomized Rats 


Time of incubation, 2 hours. N. = normal; A. = adrenalectomized. 
The figures in parentheses indicate the number of observations in each 


group. 


| M Carbohydrate, mg. per gm. wet weight per hr. 
weight Total Increase over | Increase over 
mg. 
Control _ ON, (22) | 182.5 |1.77 + 0.06 
| A. (22) 180.3 |1.80 + 0.06 

No substrate N. (13) | 188.4 [2.24 + 0.09/0.47 + 0.11 

| A. (18) | 188.7 |2.33 + 0.09)0.53 + 0.11 
Succinate ON. (3) | 182.8 [5.29 + 0.47/3.52 + 0.47/3.05 + 0.48 
(0.025 m) A. (3) | 181.7 |5.16 + 1.00/3.36 + 1.00/2.83 + 1.00 
Succinate N. (3) 186.5 |6.44 + 0.47/4.67 + 0.47/4.20 + 0.48 
(0.01 m) A. 191.1 [6.91 4 0.18/5.11 4 0.19/4.58 + 0.20 
Pyruvate (0.04m) N. (6) 188.5 |8.70 + 0.22/6.93 + 0.23/6.46 + 0.24 
A. (6) | 189.5 19.45 + 0.27|7.65 + 0.28/7.12 + 0.28 
dl-Alanine N. (9) 189.9 |6.03 + 0.14/4.26 + 0.15/3.79 + 0.17 
(0.05 m) A. (9) | 189.9 15.14 + 0.23/3.34 + 0.24/2.81 + 0.25 
i(+)-Glutamic N. (9) 187.6 |6.54 + 0.31/4.77 + 0.32)4.30 + 0.32 
acid (0.025 m) A. (9) | 187.6 |5.50 + 0.23/3.70 + 0.24/3.17 + 0.25 
a-Ketoglutaric N. (9) 186.9 17.92 + 0.34/6.15 + 0.35)/5.68 + 0.35 
acid (0.025 m) | A. (9) | 187.3 |6.27 + 0.29/4.47 + 0.30/3.94 + 0.30 


| 
| 
| 


which have been observed with these substrates (1, 10) do not 
appear to be related to the synthesis of carbohydrate from suc- 
cinate and pyruvate. In the presence of dl-alanine and /I(+)- 
glutamic acid, kidney slices from adrenalectomized rats form sig- 
nificantly less carbohydrate than normal kidney slices do, and the 
differences are of the same order of magnitude as the differences 
previously reported (1) for the rates of deamination of the two 
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amino acids. The observations upon a-ketoglutaric acid indicate 
that one may not safely assume the indifference of the tissues to 
the products of deamination of all amino acids. With this sub- 
strate there is significantly less carbohydrate formed by kidney 
slices from adrenalectomized rats, and the difference from the 
normal is somewhat greater in magnitude than the difference in 
rate of oxygen uptake observed in the presence of a-ketoglutaric 
acid. 

The possibility that in the experiments with succinate and pyru- 
vate there may have been an early rapid synthesis of carbohydrate 
by the normal tissue slices to a maximum which was only later 
approached by the slices from adrenalectomized rats was examined 
by determining the total carbohydrate in samples incubated } 
hour and 1 hour periods in the presence of 0.04 M pyruvate. The 
values obtained (in mg. per gm. of wet weight) for the samples 
from normal rats and those from adrenalectomized rats, respec- 
tively, were, 4.02 and 3.73 in 3 hour, and 6.27 and 5.31 in 1 hour. 
These data indicate that there is a fairly steady rate of synthesis 
and that there is not at any time a significant difference in the 
rates. There is therefore a real difference between the behavior 
of pyruvate and succinate and of a-ketoglutarate with respect to 
rates of carbohydrate formation in kidney slices from normal 
and from adrenalectomized rats. 


DISCUSSION 


The evidence presented above indicates that an important 
factor limiting the rate of glyconeogenesis after adrenalectomy is 
the rate of deamination of amino acids. This is consistent with 
the strong line of evidence showing that glyconeogenesis from 
protein is severely depressed in adrenalectomized animals (2). 
It is interesting to observe that the formation of carbohydrate 
from pyruvate and succinate is unimpaired in kidney tissue from 
adrenalectomized rats. The evidence presented here is in sub- 
stantial disagreement with the observations of Thorn and _ his 
colleagues (11) on the formation of carbohydrate from 3-carbon 
derivatives of amino acids in the phlorhizinized adrenalectomized 
rat. Since their experimental animals received three intraperi- 
toneal injections of 11 ml. of a solution of the substrates studied 
during the first 6 hours of a 12 hour experimental period, and since 
no direct observations of the completeness of the absorption of the 
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material from the abdominal cavity were made, the interpretation 
of these experiments is open to doubt. The available evidence 
suggests that the intraperitoneal absorption of substances is 
depressed in adrenalectomized animals, and it may easily be that 
a good deal of fluid (and of administered substrate) may have been 
retained in the abdomen without signs of abnormal distension, 
which was the sole criterion used in these experiments for the 
rejection of unsatisfactory animals. 

The indication that carbohydrate formation from a-ketoglutar- 
ate is very much less than normal in kidney tissue from adrenal- 
ectomized rats is of greater interest and importance than appears 
at first sight. It emphasizes the danger of generalizing from a 
limited series of observations, but even more, it introduces a 
second, hitherto unrecognized factor of importance in limiting the 
rate of glyconeogenesis from protein after adrenalectomy. a- 
Ketoglutaric acid is the product of deamination of glutamic 
acid, a substance which is indicated by the isotope studies of 
Schoenheimer and his colleagues (12) and by the studies on trans- 
amination (13, 14) to be of peculiar importance in metabolism; 
it is also an intermediate upon which the catabolic pathways of 
several amino acids —proline, arginine, ornithine, and _ histidine 
—converge (15). 

The value of this study of carbohydrate formation in kidney 
tissue slices from adrenalectomized rats depends upon how far this 
process in kidney tissue is truly representative of the process of 
glyconeogenesis in the whole animal, particularly in the liver. 
In view of the differences noted in the behavior of the different 
substrates used in these experiments, no generalizations may be 
made on this point. It is proposed rather to study the formation 
of carbohydrate in liver slices from normal and from adrenalec- 
tomized rats in the presence of a greater variety of substrates and 
with the elaboration of controls that this versatile and somewhat 
inconstant tissue requires. 


SUMMARY 


1. There is no significant difference in the rate of disappearance 
of added glucose or in the rate of oxygen uptake in the presence of 
glucose, between kidney slices from normal and from adrenal- 
ectomized rats. 

2. The values for total carbohydrate, either initially, after 
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2 hours incubation in the absence of substrate, or after incubation 
in the presence of succinic acid and pyruvic acid, are not signifi- 
cantly different in kidney slices from normal and from adrenal- 
ectomized rats. There is significantly less carbohydrate formed 
by kidney slices from adrenalectomized rats in the presence of 
dl-alanine, /(+)-glutamic acid, and a-ketoglutaric acid. The 
significance of these observations is briefly discussed. 
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THE CHEMICAL DETERMINATION OF NICOTINIC ACID 
IN MILK AND MILK DERIVATIVES 


By C. I. NOLL ann O. G. JENSEN 


(From The Borden Company Research Division, Biological and Chemical 
Laboratories, Bainbridge, New York) 


(Received for publication, June 20, 1941) 


Since the recognition of the biological importance of nicotinic 
acid, reliable chemical methods for the estimation of this vitamin 
have become highly desirable. Several chemical procedures have 
been proposed (1-9). In general these can be carried out with 
considerable facility, while the bioassays are expensive and time- 
consuming. Waisman and Elvehjem (1) have presented a review 
of existing chemical methods, all of which depend primarily on 
the rupture of the pyridine nucleus and subsequent coupling with 
an aromatic amine to form a colored compound. The present in- 
vestigation was undertaken to determine the applicability of 
available methods for the estimation of nicotinic acid in milk and 
milk derivatives. 


EXPERIMENTAL 


The method of Arnold et al. (2) was the primary method selected 
for critical study. Briefly, this procedure consists of an alkaline 
hydrolysis, treatment of the hydrolysate with cyanogen bromide 
and p-aminoacetophenone, extraction of the color with ethyl 
acetate, and determination of the intensity of color in the ethyl 
acetate with a photoelectric colorimeter. 

Repeated attempts to apply this method to milk were met with 
failure. It was evident that the amount of color produced by the 
alkaline hydrolysis of milk solids was so great that reliable color- 
imetric readings could not be obtained. In addition, blanks, 
which consisted of hydrolysates plus all reagents except cyanogen 
bromide, frequently yielded higher readings than the test solutions 
to which all of the reagents had been added. It was evident that 
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the p-aminoacetophenone had reacted with some constituents of 
the solution, yielding colored compounds soluble in ethyl acetate 
which could not be distinguished from the compound formed with 
nicotinic acid after the addition of cyanogen bromide. As a result, 
minus values for nicotinic acid were frequently obtained. Harris 


TABLE | 


Summarized Data from Preliminary Studies of Method of Arnold et Al. 
for Determination of Nicotinic Acid in Milk 


| 


| Skim milk Treatment 
} | per ml. 
1 Fluid | Direct alkaline hydrolysis Inoperable 
2 Alkaline hydrolysis of serum prepared | a4 
by precipitating proteins by boiling 
at pH 4.6 | 
3 o Direct acid hydrolysis; heated in steam | 0.7 
bath hr. 
4 7 Direct acid hydrolysis; boiled 3 min. | 0.5 
5 = Acid hydrolysis of serum prepared by | 0.9 
precipitating proteins by boiling at | 
pH 4.6 
6 ™ Same as (5), except 2.5 y per ml. nico- | 3.1 
tinic acid added | 
7 Dry Direct alkaline hydrolysis | Inoperable 
8 “acid hydrolysis ; 8% sulfuric acid | 
| per gm. 
9 ey | Same as (8), except p-aminoacectophe- | 13.3 
| none omitted from blank 
| as (9), except with 16% sulfuric 12.4 
acid 
11 - Same as (9), except with 32% sulfuric Inoperable 


acid 


and Raymond (3) have observed that p-aminoacetophenone 
reacts with unidentified substances to yield colored compounds 
and conclude from this observation that blanks containing p-ami- 
noacetophenone must be included in the procedure. Melnick 
and Field (4) have shown that this interfering side reaction does 
not occur in the presence of cyanogen bromide and advocate that 
the amine (aniline in their procedure) be omitted from the 
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blank. As a result of our studies which are described in this 
paper we have concluded that in adapting the method of Arnold 
et al. to the estimation of nicotinic acid in milk and milk deriva- 
tives, it is imperative that p-aminoacetophenone be omitted from 
the blank. 

In our investigations on the applicability of the latter method to 
milk, a variety of experimental conditions were studied in an effort 
to obtain a suitable solution to which the color-producing reagents 
might be added. These variations included (a) direct alkaline 
hydrolysis, (b) alkaline hydrolysis of milk sera obtained by the 
precipitation of milk proteins by various means, (c) direct acid 
hydrolysis, and (d) acid hydrolysis of the milk serum. A summary 
of these experiments is shown in Table I. 

From a study of the data in Table I it is evident that (a) alkaline 
hydrolysis of milk causes the development of too much interfering 
color to give satisfactory analytical results, (b) there is no advan- 
tage in removing the proteins before hydrolysis, (c) a final concen- 
tration of 8 per cent sulfuric acid is sufficient to liberate the nico- 
tinie acid, and (d) p-aminoacetophenone should not be added to 
the blank. With these facts in mind, as well as the general 
principles reported in the literature, the following procedure was 
developed for the assay of spray- and the roller-dried skim milk 


powders. 


Modified Procedure for Determination of Nicotinic Acid in 
Milk Powders 


The sample (25 gm.) is dissolved in water and made up to a 
volume of 200 ml. For the hydrolytic treatment, a 50 ml. aliquot 
is used, to which are added 2.5 ml. of concentrated sulfuric acid 
to make an approximately 8 per cent solution of the acid. The 
acidified sample is heated on the steam bath for 1 hour, cooled to 
room temperature, centrifuged, and the supernatant liquid 
(Extract 1) decanted. The residue is washed into the original 
beaker with 40 ml. of 8 per cent sulfuric acid and again heated 
on the steam bath for 1 hour. After cooling and centrifuging as 
before, the supernatant liquid (Extract 2) is decanted into Extract 
1. The residue is treated in the same manner a third time, with 
30 ml. of 8 per cent sulfuric acid. The pH of the combined extracts 
is adjusted to 6.0 to 6.2 with 18 N sodium hydroxide, with a glass 
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electrode, and made up to a volume of 150 ml. 10 ml. aliquots 
are analyzed by the procedure described by Arnold et al., except 
that no p-aminoacetophenone is added to the blank and only one 
tube (containing 20 y of added nicotinic acid) is used for standard- 
izing the photometer. The nicotinic acid content of the test 
solution is calculated arithmetically rather than by graphical 
means. The data presented in Table II indicate that nicotinic 
acid added to dried milk may be recovered quantitatively to with- 
in the probable experimental error of the analytical procedure. 


Il 
Recovery of Nicotinic Acid Added to Milk Powders 


lated | Nicotinic acid recovered 


Skim milk sample 


| nicotinic 
added acid | Extract 1 | Extract 2 Average 


Spray-dried........ | | 13.6 | 14.7 14.1 
2.0 16.1 19.0 | 18.3 18.6 | 115.5 
" | 5.0 19.1 | 16.0 | 18.3 17.1 89.6 
“ 10.0 24.1 | 21.8 | 21.6 21.7 90.1 
we 15.0 | 29.1 | 30.0 | 2.7 | 29.8 | 102.4 
Roller-dried.... | 19.5 | 18.4 18.9 
“ 2.0 | 20.9 19.8 | 20.5 20.1 96.2 


10.0 | 28.9 30.2 | 27.4 28.8 99.6 
15.0 33.9 | 35.2 33.8 34.5 | 101.7 


| 
- | 5.0 | 23.9 | 24.0 | 25.0 | 24.5 | 102.5 


The nicotinic acid content of ten samples of skim milk powder 
assembled from various parts of the country, analyzed by the 
modified method detailed above, was found to vary from 14 to 28 y 
per gm., with an average of 18.3. Although some of the values 
(22 and 28 y per gm.) agree with data reported in the literature, 
the average value, 18.3 y per gm., is lower than most of the results 
reported to date. 

In regard to the details of the proposed methods for the deter- 
mination of nicotinic acid, the method of Melnick and Field (5) 
appears to be well adapted to the estimation of this factor in 
biological materials. Essentially, the method consists of an acid 
hydrolysis of the sample, preferential carbon adsorption for the 
decolorization of the hydrolysate, development of a yellow color 
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by the reaction of cyanogen bromide and aniline with nicotinic 
acid, and the measurement of the intensity of the color with a 
photoelectric colorimeter. Application of this procedure to the 
estimation of nicotinie acid in a sample of dried milk yielded a 
value of 18 y per gm. as compared with 14 y per gm. obtained by 
the method described in this paper. An independent laboratory 
reported 17 y per gm. for the same sample, determined by the 
Melnick and Field method. 

The method described herein has been used in comparison with 
other procedures for the determination of nicotinic acid in various 


TABLE III 


Nicotinic Acid Values (Micrograms per Gm., Dry Basis) for Milk and Rice 
Polish Derivatives Obtained by Various Methods 


Authors’ | Arnold Arnold | 
method | method method, Field 

Sweet whey powder......... nudes 26 Inoperable 
Labeo Lactalbumin 15-42... ..| 10.5 " 22 

7HAA....... 5.5 2.3 

* XXX vitamin concentrate.| 137 80 

vitamin-free casein... 3.8 | 3.1 3.6t 

rice polish concentrate. 1640 2310 1550 

= Factor II... | 740 | 496 
Rice polish protein. .. | 15 Inoperable 12 


* p-Aminoacetophenone was omitted from the blank. 
+See Dann and Kohn (10). 


milk and rice polish derivatives. The results are shown in 
Table III. 

Since variations in the decolorizing capacity of different carbons 
were encountered during the course of this work, the color density 
of a carbon-treated hydrolysate from a sample of milk powder was 
measured photometrically, following treatment with different 
grades of carbon. The results are shown in Table IV, from which 
it is to be noted that the specific decolorizing property of the carbon 
used markedly affects the color density, thus contributing to high 
and “apparent” or false nicotinic acid values upon addition of the 
color-producing reagents. Of the carbons investigated, Coleman 
and Bell’s charcoal as specified by Melnick and Field and Darco 
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G-60 were the only ones which gave satisfactory results. Old 
caprylic aleohol gave a red colar when added to concentrated 
hydrochloric acid, whereas a recently acquired lot did not. How- 
ever, it was found that the red color produced by the older caprylie 
alcohol did not detrimentally affect the readings for the specific 
nicotinie acid color reaction. 


TABLE IV 


Effect of Various Carbons on Decolorization of Hydrolysate and Apparent 
Nicotinic Acid Content of Dry Milk 


| Photometric 


| color density | 
Sample No. Carbon acid 
treatment* | 
| | ¥ per gm 
2 Darco (no identification) 0.98 90 
3, 4 | Coleman and Bell charcoal | 0 17 
5, 6 Dareco K-B 0.09 20 
7,8 G-60 0.02 18 


The values reported are extinction coefficients obtained by setting Samples 
3 and 4 at 0. 


DISCUSSION 


In the attempt to evaluate the results reported in the present 
paper, it is necessary to consider some of the factors involved in 
the chemical determination of nicotinic acid. The literature 
reveals that while the reactions involved are considered highly 
specific, pyridine and some of its derivatives, viz. aminopyridine, 
nipecotic acid, and nicotinic acid N-diethylamide, do develop the 
color (6). In addition, Waisman and Elvehjem emphasize that 
certain plant materials give values which are much higher than 
can be reconciled with biological tests on these materials. (Table 
III records nicotinic acid values of 496 to 740 y per gm. for Labco 
rice polish Factor II. However, a private communication has 
come to our attention stating that this material does not carry 
sufficient nicotinic acid to protect dogs against blacktongue.) The 
difficulty encountered in making up a suitable blank for the 


| * Determined with a Pfaltz and Bauer fluorophotometer without a filter. 
| 
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determination of the amount of color produced by the reaction also 
emphasizes the limitations of the methods. 

In addition to the above factors, interfering colors are frequently 
developed during the hydrolysis necessary to liberate the acid 
from its amide. In general, acid hydrolysis gives rise to less 
interfering color than alkaline hydrolysis. It was noted that when 
5 ml. of a 20 per cent sodium hydroxide solution were added to 80 
ml. of 2 per cent solutions of lactose, glucose, galactose, and sucrose 
and the solutions heated for a half hour on a steam bath an intense 
red-brown color developed in all except the sucrose solution. 
When the procedure proposed by Arnold et al. was carried out, it 
was observed that a large part of the extraneous color passed into 


TABLE V 
Nicotinic Acid Content of Milk As Determined by Chemical Methods 
Investigator Milk Milk powder 

ger 0.6-0.9 (Skim) 14-28 (Skim) 
Melnick and Field (4, 5).............| 4.44.5 
Waisman and Elvehjem (1)......... 8.2 


the ethyl acetate phase. In some cases the color produced by the 
desired reaction was completely concealed, giving rise to extremely 
erratic results. The color produced by alkaline hydrolysis is 
particularly troublesome in the case of milk because of the low 
nicotinic acid content, which precludes the possibility of diluting 
the hydrolysate to decrease the intensity of the color. 

The values for the nicotinic acid content of milk as determined 
by the present authors as well as by other workers are summarized 
in Table V. When no description of the sample is recorded by the 
investigator, it is assumed to be whole milk. The summary 
indicates that the values obtained in this laboratory are of the same 
order of magnitude as the lowest values reported by Kodicek, 
but are considerably lower than those reported by other workers. 
At this time it is not possible to state whether the discrepancies 
are due to natural variations in different milk samples or to in- 
herent characteristics of the methods. 
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SUMMARY 


1. A modification of the method of Arnold et al. for the deter- 
mination of nicotinic acid has been described. The modified 
method has been applied to milk and milk derivatives and to rice 
polish derivatives. 

2. The method of Melnick and Field appears to be well adapted 
to the estimation of nicotinic acid in milk. It is shown that the 
specificity of the carbon used for decolorizing is a highly important 
factor contributing to consistent results. 

3. Values for the nicotinic acid content of various milk and rice 
polish derivatives, as obtained by various procedures, are com- 
pared. 

4. A discussion of the limitations of chemical methods for the 
determination of nicotinic acid, in respect to specificity of the 
reactions, the use of an appropriate blank, and the interference of 
colored solutions, is presented. 

5. The nicotinic acid values reported for a group of dry skim 
milk samples, as determined by the method presented, varied from 
14 to 28 y per gm. (average = 18.3), and are lower than most 
values reported in the literature. 
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THE PREPARATION OF FREE CRYSTALLINE BIOTIN 


By VINCENT pu VIGNEAUD, KLAUS HOFMANN, DONALD B. 
MELVILLE,* ann JULIAN R. RACHELE 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Reeeived for publication, June 17, 1941) 


We have recently succeeded in obtaining free biotin in crystalline 
form and, since there are definite advantages in certain biological 
investigations in having the free acid available, we would like to 
record at the present time its preparation from the ester and to 
report some of the physical and chemical properties of the com- 
pound. 

The free biotin is readily obtained by saponification of the ester 
with cold alkali. Upon acidification of the saponification mixture 
with HCl, free biotin separates in long thin needles as shown in 
Fig. 1. The biotin crystallizes out as the free acid even from 
strongly acid solutions. Biotin melts at 230 232° with decomposi- 
tion and is optically active, [a]** = +92°. The analytical figures 
point to a composition CyoH,O3;N28 which is in good agreement 
with the composition C),H;sO3;Ne8 of the monomethy! ester (1). 
On drastic treatment with HI, biotin does not liberate volatile 
iodides, in contrast to the ester which contains one — OCH; group. 
Esterification of biotin with diazomethane again yields the mono- 
methyl ester, m.p. 166-167°, which in every respect is identical 
with the methyl ester isolated from liver extracts which had been 
subjected to esterification procedures with acidic methanol (1). 

The titration curve shown in Fig. 2 resembles the titration curve 
of a simple monocarboxylic acid; the neutral equivalent of 244 
obtained from the curve agrees with that expected for a mono- 
carboxylic acid of the empirical formula given. The fact that the 
compound has predominantly acidic properties and crystallizes 


*S.M. A. Corporation Fellow. 
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Fic. 1. Crystalline biotin. Magnification 150 x 


MILLI- EQUIVALENT OF NaOH 
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Fia. 2. Electrometric titration curve of biotin with 17.99 mg. of biotin as 
sample. The neutralization equivalent calculated from the inflection 
point is equal to 244. 


from strongly acidic solutions as the free compound indicates the 
absence of any strongly basic groupings. 
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A spectrographic study! of various samples of biotin and biotin 
methyl ester revealed no characteristic absorption bands in the 
ultraviolet region. The instrument used was a Hilger medium 
quartz spectrograph No. E-3, with a Spekker photometer, and as a 
light source a hydrogen discharge tube designed by Darby (2). 
No specific absorption bands could be observed in the region 
studied, 2200 to 6000 A., for biotin methyl ester in ethyl alcohol 
and for free biotin in 0.1 N NaOH in concentrations up to 6 mg. 
per ce. in a 4 em. cell. 

From the standpoint of yeast growth activity the free biotin 
and the ester were found to have the same activity per mole. 


EXPERIMENTAL 


Preparation of Free Biotin—70 mg. of biotin methyl ester were 
shaken at room temperature for 30 minutes with 5 ce. of 1 N 
NaOH until all of the material was dissolved. The solution was 
kept for 30 minutes at room temperature. 3 N HCl was added 
until the solution was acid to Congo red. The solution was then 
concentrated to a small volume in vacuo. The crystalline com- 
pound that separated was collected on a filter and was purified 
by recrystallization from water. 50 mg. of fine needles were ob- 
tained which melted? at 230- 232° with decomposition and possessed 
a specific rotation of [a]?? = +92° for a 0.3 per cent solution in 
0.1 nN NaOH. The compound had the following composition. 


CioH,eO3;N2S. Caleulated. C 49.16, H 6.60, N 11.46, 8 13.13 
(244.3) Found. ** 49.20, “* 6.57, ‘© 11.45, “* 13.10 


Esterification of Biotin with Diazomethane —2 mg. of biotin were 
dissolved in 0.5 ec. of methanol and to this solution was added a 
freshly distilled solution of diazomethane in ether until the solu- 
tion remained yellow. The solution was kept in the refrigerator 
for 30 minutes and was then evaporated to dryness in. vacuo. 
The crystalline residue, m.p. 165-166°, was sublimed in vacuo. 


! The authors wish to express their appreciation to Dr. Hugh H. Darby 
of the Department of Biological Chemistry, College of Physicians and Sur- 
geons, Columbia University, who kindly carried out the spectrographic 
study. 

? The melting points reported herein were determined by the use of the 
Kofler micro melting point apparatus and are uncorrected. 
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The sublimate was crystallized from methanol-ether, and melted 
at 166-167°. No depression of the melting point was observed 
when this material was mixed with a sample of biotin methyl 
ester obtained from liver (1). 


SUMMARY 


Free biotin has been prepared in pure crystalline form and has 
been shown to possess an empirical formula of CyoHyOsN2S. The 
titration curve corresponds to that of a monocarboxylic acid. 
No specific absorption in the ultraviolet and near ultraviolet 
region was found. 
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THE STEREOISOMERIC FORMS OF LANTHIONINE 


By GEORGE BOSWORTH BROWN anv VINCENT pu VIGNEAUD 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, June 10, 1941) 


The new amino acid, lanthionine, which has been shown by 
Horn, Jones, and Ringel (1) and Horn and Jones (2) to be formed 
by the action of sodium carbonate on wool and other proteins was 
assigned the following structure by them. 


NH, NH; 


| | 
HOOC—CH—CH;—S—CH:;—CH—COOH 
8-Amino-8-carboxyethyl sulfide 


To offer conclusive proof of the suggested structure, du Vigneaud 
and Brown (3) synthesized this amino acid by the combination of 
l-cysteine and methyl] dl-a-amino-8-chloropropionate hydrochloride 
in strongly alkaline solution. The triangle-like plates character- 
istic of the compound described by Horn, Jones, and Ringel were 
isolated from the reaction mixture. A comparison of the chemical 
and physical properties of the synthetic and isolated compounds 
confirmed the identity of the two samples. 

The compound was found to be optically inactive. Because it 
had been prepared by the combination of a derivative of dl-a- 
amino-§-chloropropionic acid and [-cysteine, only two diastereo- 
isomeric forms, meso and 1, were to be expected unless racemization 
had taken place. It was, therefore, suggested that the optically 
inactive triangle-like crystals were the mesolanthionine. In order 
definitely to establish the stereochemical configuration of this 
isomer and to make available all the isomers of this compound, 
the preparation of the active and racemic forms was undertaken. 

Serine, prepared by the method of Wood and du Vigneaud (4), 
was resolved by the method of Fischer and Jacobs (5); the active 
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serines were esterified and converted to the active a-amino-g- 
chloropropionate hydrochlorides (6). The J-a-amino--chloro- 
propionate hydrochloride was allowed to react with l-cysteine in 
strongly alkaline solution to produce the /(+-)-lanthionine. 

Benzyl-d-cysteine (7) was reduced in liquid NH; with Na and 
the d-cysteine so obtained was combined with the d-a-amino-é- 
chloropropionate, resulting in the d(—)-lanthionine. 

The rotations of the active lanthionines were equal and opposite. 
The crystals of the two active compounds were indistinguishable 
one from the other, and were elongated hexagonal plates. The 
products were characterized by means of their benzoyl] derivatives, 

A mixture of exactly equal parts of the (+) and the d(—) 
isomers was recrystallized to produce di-lanthionine. The erys- 
talline form of the racemic sample was similar to that of the active 
isomers, but the crystals tended to form rosettes or fan-like groups. 
The crystalline form of this dl isomer of lanthionine was different 
from that of the inactive isomer isolated by Horn, Jones, and 
Ringel (1) and synthesized by us (3). The meso configuration 
which we had assigned to this latter inactive isomer is thus 
confirmed. 


EXPERIMENTAL 


l(+-)-Lanthionine—Serine, prepared by the method of Wood and 
du Vigneaud (4), was resolved by means of the quinine and brucine 
salts of the N-p-nitrobenzoyl derivative according to the procedure 
of Fischer and Jacobs (5). The p-nitrobenzoyl-/-serine so obtained 
possessed a rotation of [a]?? = +43.8°, and the d form, [a] = 
—44.7° for a 2 per cent aqueous solution containing 1 equivalent 
of NaOH. The I-N-p-nitrobenzoyl derivative was hydrolyzed in 
16 per cent HBr (5) and the solution was cooled and was filtered 
to remove the p-nitrobenzoic acid. The filtrate was evaporated 
to dryness and the residue was esterified. The /-serine methyl 
ester hydrochloride was then converted to the /-a-amino-6-chloro- 
propionic acid hydrochloride (6). Since this hydrochloride pos- 
sesses a very low rotation, a small amount of it was converted to 
the free a-amino-6-chloropropionic acid, which showed a rotation 
of [a] = —15° for a 9.9 per cent solution in water. 

14 gm. of /-cystine, [a]*” = —213°, were dissolved in 400 cc. of 
liquid NH; and metallic Na was added until a permanent blue 
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color was obtained. The solution was decolorized by adding a 
small amount of cystine and the NH; was allowed to evaporate. 
The flask was evacuated for a short time to remove the last traces 
of NH;. An atmosphere of Nz was maintained in the flask and 
16.5 gm. of KOH in 50 ec. of H,O were added. The flask was 
surrounded with a water bath heated to 50° and the solution was 
stirred. 14 gm. of the l-a-amino-8-chloropropionic acid hydro- 
chloride were added over a period of 1 hour. A considerable 
amount of salt precipitated. After the solution had stood at 
room temperature for 3 hours, 100 cc. of oxygen-free H,O were 
added with complete solution of the salts. The Nz atmosphere 
was maintained, and the solution was neutralized to litmus with 
HCl. The flask, still filled with Ne, was stoppered and cooled. 
5.7 gm. of crystals, which contained very little cystine, separated. 
An additional 3.0 gm. were precipitated by adding 50 ce. of alcohol 
to the filtrate. 

To remove the last traces of cystine, particularly from the second 
crop which contained appreciable amounts of it, the following 
method of recrystallization was used. 3.9 gm. of the product 
were suspended in 50 ec. of H,O and concentrated NH,OH was 
added dropwise until solution was complete. 0.5 gm. of NaCN 
was then dissolved in the solution and the mixture was allowed 
to stand for 30 minutes. It was then made acid to litmus by the 
addition of acetic acid (Hood procedure). The crystals which 
formed were collected by filtration (Hood) and amounted to 3.6 gm. 
The product was entirely free of cystine, and crystallized as elon- 
gated irregular hexagonal plates. Because of the fragility of these 
plates, the crystalline samples were not uniform. An additional 
3.2 gm. were obtained after recrystallization of the remainder; 
thus a total of 34 per cent of the theoretical yield was obtained. 
The crystals darkened at 245° and decomposed at 293-295°.'_ The 
rotation of a 1 per cent solution in 1 N HCl was too small for satis- 
factory observation, while that of a 1 per cent solution in 1 N 
NaOH was [a]” = +6°+ 1°. A rotation of [a]® = +8.6° was 
observed for a 5 per cent solution in 2.4 N NaOH. The rotation is 
markedly affected by temperature changes, for example [als = 
+14.0°. A sample of cystine which possessed [a] = —214° 


1 All melting points are corrected. 
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for a 1 per cent solution in 1 N HCl showed [a]? = —82° fora5 
per cent solution in 2.4 Nn NaOH. The lanthionine had the fol- 
lowing composition. 


CsH2,0.N.28. Calculated. C 34.60, H 5.81, N 13.45, 8 15.40 
Found. “* 34.87, “ 5.84, “ 13.28, “ 15.54 


The active isomer is slightly more soluble in water than the meso- 
lanthionine or cystine, but is quite insoluble. It is also insoluble 
in acetic acid solutions. 

Dibenzoyl-l(+)-Lanthionine—200 mg. of the amino acid were 
dissolved in 1 ec. of 2 N NaOH and 0.3 ce. of benzoyl chloride 
and 3 ce. of 2 N NaOH were added slowly with stirring. 25 ce. 
of H,O were added and the mixture was acidified. The product 
was filtered and was then extracted twice with small portions of 
cold benzene. The remaining material was recrystallized three 
times from 50 per cent alcohol. The compound crystallized as 
polyhedral prisms which melted at 202-204° and had the following 
composition. 


CyopH2006N28. Calculated, N 6.73, 8 7.69; found, N 6.56, S 7.64 


d(—)-Lanthionine—15 gm. of benzyl-d-cysteine, prepared by 
the method of Wood and du Vigneaud (7), were dissolved in liquid 
NH; and reduced with Na. The d-cysteine so produced was com- 
bined with 13 gm. of d-a-amino-8-chloropropionic acid hydro- 
chloride by the method described for the | isomer. 3.1 gm. were 
obtained representing 21 per cent of the theoretical yield. The 
crystalline form of the d(—)-lanthionine was identical with that 
of the 1 isomer. It also darkened at 245° and decomposed at 
293-295°. 

A rotation [a]?! = —8.0° was observed for a 5 per cent solution 
in 2.4N NaOH. It had the following composition. 


CsH,0.N.S. Calculated. N 13.45, 8 15.40 
Found. * 13.61, ‘* 15.59 


Dibenzoyl-d(—)-Lanthionine—The derivative was prepared from 
100 mg. of the amino acid according to the method described for 
the 1 isomer. It also crystallized as polyhedral prisms which 
melted at 202-203° and possessed the following composition. 


CooH2OsNS. Calculated, N 6.73, S 7.69; found, N 6.70, 8 7.83 
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dl-Lanthionine—Exactly equal quantities of the l(+)- and 
d(—)-lanthionines were mixed, and were dissolved in a small 
amount of NH,OH. The dl isomer was precipitated by the addi- 
tion of acetic acid. The crystals were similar to those of the active 
isomers. Recrystallization of the compound from HCl by the 
addition of NH,OH yielded material of the same crystalline form. 
The dl isomer charred at 240° and decomposed at 286-292°. The 
dibenzoyl-di-lanthionine was prepared from 10 mg. of the dl- 
lanthionine. Its crystalline form was similar to that of the active 
isomers and it melted at 183-184°. 


SUMMARY 


The preparation of the 1(+), d(—), and dl isomers of lanthionine 
has been presented. The properties of these isomers confirm our 
previous conclusion that the lanthionine isolated by Horn, Jones, 
and Ringel and synthesized by us was the meso isomer. All of 
the four possible isomers of the amino acid have now been made 
available. 


The authors wish to thank Dr. J. R. Rachele of this laboratory 
for carrying out the microanalyses. 
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FAT ABSORPTION IN ESSENTIAL FATTY ACID 
DEFICIENCY* 


By RICHARD H. BARNES, ELMER 8. MILLER,t 
GEORGE 0. BURR 


(From the Division of Physiological Chemistry, Department of Physiology, 
and the Department of Botany, University of Minnesota, Minneapolis) 


(Received for publication, June 20, 1941) 


The various gross symptoms of essential fatty acid deficiency 
in the rat are well recognized, but little is known about the meta- 
bolic features of this disease. The purpose of this investigation 
was to study the influence of fat deficiency on the rate of absorption 
and transport of fat through the intestinal mucosa. 

The scheme of fat labeling by the use of spectroscopically 
active methyl esters of conjugated corn oil fatty acids as previously 
described by Miller et al. (1) was used. Rats that had been 
fasted for 24 hours were fed by stomach tube either the spectro- 
scopically active esters or untreated corn oil (Mazola). The 
amount administered was 0.5 ce. per sq. dm. of body surface. 
8 hours after the oil feeding the animals were killed by etherization, 
the contents of the stomach and small intestine removed for the 
determination of the amount of fat absorbed, and the intestinal 
mucosa removed for the determination of the amounts of labeled 
acids that were incorporated in the acetone-soluble and acetone- 
insoluble mucosal lipids. The details of the methods used have 
been described elsewhere (1, 2). 

Three separate experiments on the rate of absorption were 
performed. In Experiments 1 and 2 the labeled acid incorporation 
in the mucosal lipids was followed. All of the rats were raised 


* Aided by a grant from the Graduate School of the University of Min- 
nesota. Assistance in the preparation of these materials was furnished by 
the personnel of the Work Projects Administration, Official Project No. 
165-1-71-124, Subproject Nos. 331 and 325. 

t Deceased. 
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from the time of weaning on a diet composed of casein 12 per cent, 
sucrose 84.1 per cent, and salts 3.9 per cent.!| This was supple- 
mented by 0.7 gm. of dried yeast and concentrates of vitamins A, 
D, and E (3). Rats raised on this diet show growth curves that 
have almost completely reached a plateau after 3 months. In 
each of the experiments one-half of the animals was given a sup- 
plement of 3 to 4 drops of corn oil (Mazola) daily in order to bring 
about a cure of the deficiency symptoms. The remainder con- 
tinued on the fat-free diet during this period. In Experiments 1 
and 2 the rats were given the fat-free diet for 3 months followed by 
a “cure” period of 1 month. In Experiment 3 they remained on 
the fat-free diet for 5 months and were then given corn oil for 3 
months. In none of the three experiments were the rats “cured” 
with corn oil entirely free from symptoms of the deficiency; so a 
group of rats that had been raised on a stock diet (Purina Fox 
Chow) was included for comparison. The daily supplement of 
3 to 4 drops of corn oil caused an immediate resumption of growth 
that was followed by the disappearance of the skin manifestations 
of the deficiency. However, after 3 months of this supplement 
there still remained some signs of the deficiency. It is possible 
that the level of corn oil fed was too low to bring about a complete 
cure. 


Results 


Data on the rate of fat absorption are presented in Table I. 
Of the five groups of rats in Experiments 1, 2, and 3, two show an 
absorption that is less for the fat-deficient animals than for the 
cured animals. These two groups show such large differences 
that the average of all experiments indicates a slightly poorer 
absorption in the fat-deficient than in the cured rats. However, 
recalculation of the above results on the basis of body surface 
(formula of Carmen and Mitchell (4)) brings the average of all 
groups closer together, so that there is no difference between 
fat-deficient, cured, and stock animals. It has been pointed out 
by Deuel, Hallman, and Leonard (5) that the amount of fat 
absorbed by rats of varying size is most uniform when the com- 
parison of absorption is made on the basis of body surface area. 


1 See McCollum, E. V., and Simmonds, N., J. Biol. Chem., 38, 63 (1918). 
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Rats maintained on the fat-deficient diet show a slightly smaller 
incorporation of the fed labeled fatty acids in the mucosal acetone- 
soluble lipids than do those rats that had been given the corn oil 
supplement (Table II). Although the averages for both experi- 
ments show this same effect, it will be seen that the range of values 


TABLe 
Effect of Essential Fatty Acid Deficiency on Rate of Fat Absorption 
Aver- 
| 
Ex- No. Aver- | Aver- Diem Aver- | fat ab- 
pert. Group Oil fed* of age sorbed 
| rate weight fat fed 
body 
surface 
gm. cm. gm. gm. mg. 

1 Cured Labeled es- 3 159 333 | 1.43 | 0.61 | 1.83 
Fat-deficient terst 2 136 | 302 | 1.29 | 0.60 | 1.99 
Cured Corn oilf 3 158 | 331 | 1.38 | 0.89 | 2.69 
Fat-deficient 3 133 | 296 | 1.29 | 0.58 | 1.96 

2 | Cured Labeled es- | 5 148 | 317 | 1.36 | 0.60 | 1.89 
Fat-deficient ters 5 110 | 260 | 1.16 | 0.40 | 1.54 
Cured Corn oil 5 147 316 | 1.34 | 0.63 | 1.99 
Fat-deficient 5 112 264 | 1.15 | 0.61 | 2.31 

3 Cured Labeled es- 4 160 | 334 | 1.42 | 0.54 | 1.62 
Fat-deficient ters 4 127 | 287 | 1.24 | 0.52 | 1.87 

Average, cured rats............... 0.64 | 1.97 

Controls from stock diet 

| Normal Labeled es- | 6 | 241 | 439 | 1.88 | 0.91 | 2.08 

ters | 


* The absorption time was 8 hours in all cases. 
t Methyl esters of the conjugated fatty acids of corn oil. 
t Mazola. 


is quite large and that there is overlapping between groups. When 
unconjugated fat (Mazola) was fed instead of the conjugated 
spectroscopically active esters, there was a lowering of the ex- 
tinction coefficient, £1%, at 2350 A., for the acetone-soluble 
lipids. This decrease in E}%, was due to the replacement of 
preexisting fatty acids of the mucosa that had extinction 
coefficients of from 22 to 34 with fatty acids of the fed corn oil 


i 
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that had an extinction coefficient of only 4. From this lowering 
of the E}%,. it was possible to make a calculation of the ap- 
proximate amount of fatty acid exchange that had taken place 


Taste Il 
Incorporation of Labeled Acids in Lipids of Intestinal Mucosa 


| Acetone-soluble lipids | Acetone-insoluble lipids 
| (neutral fat) (phospholipids) 
| I> | 
H Group | Oil fed* 3/2 2 Labeled acids g ; Labeled acids 
| o| Range Mean Range Mean 
fam. percent | percent | Po 
1 | Cured None 2/163) 25.7 39.1 
| Fat-de- 2/140) 22.1 30.3 
| ficient 
Cured Labeled | 3/159/209.0)30.4-49.2 |37.2 | 88.8/10.4-16.9 [13.8 
esterst 
| Fat-de- 3}136]187 .0/25.6-38.0 |32.7 | 65.2) 7.1-11.1 | 8.7 
ficient 
Cured Corn oilf} 2}158) 11. 4/61 .0-70.0§ 65.5§| 50.1) 0.0- 0.08) 0.0§ 
 Fat-de- 2/133) 14.7) 0.0-85.0§/42.5§) 30.6) 0.0- 0.08) 0.08 
ficient 
Cured None 5/150} 33.9 (14.6 
| Fat-de- | 5/112} 23.9 12.2 
ficient | 
Cured Labeled | 4/148/185.0/32.4-45.5 (36.5 44.1} 8.9-11.2 | 9.9 
esterst 
Fat-de- |28.5 | 33.7) 5.7- 8.7 | 7.2 
ficient | 
Cured Corn oilf) 5]147| 20.7/16.7-65.0§ 43.5§ 15.4] 0.0- 0.0§) 0.0§ 
Fat-de- 5/112} 20.4] 0.0-71.4§28.8§ 12.8) 0.0- 0.08} 0.0§ 
ficient 
Controls from stock diet 
"Normal | Labeled | 5209) 16.6-64.0 43 [12.2-17.7 |15.2 
4 | esterst) | | 


* The absorption time was 8 hours in all cases. 
t Methyl esters of the conjugated fatty acids of corn oil. 
t Mazola. 


§ Calculated from the decreased 
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after corn oil (Mazola) was fed. 
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in the mucosal acetone-soluble lipids 8 hours after the unaltered 
corn oil was administered (see Table II). These calculations are 
subject to great error because of the comparatively low E}%,. 
of the preexisting mucosal lipids, but it is of interest that the 
averages compare so closely with results obtained from feeding 
the conjugated esters. 

Fatty acid incorporation in the mucosal acetone-insoluble lipids 
shows a more definite effect of essential fatty acid deficiency. 
In this lipid fraction the cured rats show a greater uptake of 
labeled acids than is seen in the deficient rats. It is peculiar 
that there is no lowering of the acetone-insoluble lipid extinction 
coefficients after the unaltered corn oil is fed. An exchange of 
fatty acids in the mucosal phospholipids might have taken place, 
as would certainly be expected, but the entering fatty acids must 
have selectively replaced only those phospholipid acids that 
originally had a low E{%, Just as in the case of the acetone- 
soluble fraction, too much emphasis must not be placed on this 
evidence, because the relative spectral absorptions are so low. 

The effect of fat deficiency on the uptake of labeled acids in the 
mucosal acetone-insoluble lipids is more apparent when the data 
for the deficient animals are compared with those for the controls 
taken from the stock diet. Here it is seen that the deficient 
rats that have not been cured show a much smaller incorporation 
of labeled acids in the acetone-insoluble lipids than do the normal 
rats on the stock diet. In Experiment 1, the cured rats show 
approximately the same incorporation, but in all of the other cases 
the values for the experimental animals are lower than those for 
the normal controls. The variability of the acetone-soluble lipids 
makes it impossible to state definitely whether or not fat deficiency 
leads to a smaller entrance of labeled acid in this fraction. 


DISCUSSION 


Recently Hevesy and Smedley-MacLean (6) have reported that 
rats receiving a fat-deficient diet show the same relative turnover 
of radioactive phosphorus in the kidney and liver phospholipids 
as do rats that have been cured of the deficiency by supplementing 
the diet with either linoleic acid or methyl arachidonate. Muscle 
phospholipids showed a more rapid phosphorus turnover in the 
deficient than the cured animals. The results of the present in- 
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vestigation indicate a decreased phosphorylation in the intestinal 
mucosa of fat-deficient rats. Although Hevesy and Smedley- 
MacLean did not study phosphorus turnover in this tissue, it is dif- 
ficult to understand why the intestinal mucosa should be the only 
tissue to exhibit a decreased phosphorylation in fat deficiency. 

The reasons for the apparent decrease in absorption and phos- 
phorylation of labeled fatty acids in fat-deficient rats are obscure. 
It is possible that these effects are merely a result of the poor physi- 
cal condition of the deficient animals. 


SUMMARY 


1. The amount of fat absorbed in 8 hours by fat-deficient rats is 
less than that absorbed by rats cured of the deficiency. If ab- 
sorption is calculated on the basis of body size, there is no signifi- 
cant difference in absorption rate. 

2. There is a decrease in the incorporation of labeled fatty acids 
in the intestinal mucosa phospholipids of deficient rats. This de- 
ficiency effect is partially, but not completely, overcome by the 
daily administration of 3 to 4 drops of corn oil for 1 month. 
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THE RELATIVE STABILITY OF /(+)-LYSINE IN RATS 
STUDIED WITH DEUTERIUM AND HEAVY 
NITROGEN* 


By NORMAN WEISSMANT anp RUDOLF SCHOENHEIMER 


(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, June 21, 1941) 


The feeding of amino acids containing N® results in the dis- 
tribution of the isotope to almost all the other amino acids of the 
proteins. Even such indispensable compounds as leucine (1) and 
histidine (2) yield nitrogen to and accept nitrogen from other 
nitrogenous substances. Lysine is an exception. In three differ- 
ent investigations in which isotopic ammonia (3), dl-tyrosine (4), 
or l(—)-leuecine (1) was administered, lysine was the only one of 
the amino acids investigated that was free of the isotopic tracer, 
and was thus not involved in the reversible shift of amino groups. 
Moreover, lysine, which does not accept nitrogen from other com- 
pounds, is the only amino acid known which is resistant to the 
introduction of deuterium (5) from the body fluids. It has been 
suggested (6) that both phenomena are due to the non-occurrence 
of a common reaction— reversible deamination—to which the other 
amino acids are constantly subjected in the animal. 

There has recently been developed in this laboratory a method 
by which the metabolic fate of the carbon chain and of the amino 
group of an amino acid can be investigated separately with the 
aid of deuterium and N". After administration of doubly marked 
leucine, the leucine isolated from the proteins of the rats contains 
both isotopes, but in altered ratio, indicating that leucine was 
rapidly deaminated and aminated (1). 

This general procedure has now furnished a rigorous proof of 


* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 

t This report is from a thesis submitted by Norman Weissman in partial 
fulfilment of the requirements for the degree of Doctor of Philosophy in the 
Faculty of Pure Science, Columbia University. 


779 


ig 
a ¥ 
| | 
it 
a 
i 4 
W 
ag 
it 
i 
|| 
d 
. 


780 Protein Metabolism. XV 


the suggested biological resistance of the lysine molecule. 1(+)- 
Lysine was synthesized with stably bound deuterium in its meth- 
ylene groups and with N® in the aamino group. This was ad- 
ministered in two experiments as a small addition to the normal 
stock diet of growing rats.'_ After 4 days on this diet, the animals 
were killed and several amino acids were isolated from the pro- 
teins of the carcasses. 

The lysine so obtained contained both isotopes, deuterium and 
N", indicating that dietary lysine, like other amino acids, had 
entered protein linkage. However, in contrast to the result ob- 
tained with /(—)-leucine, the ratio of both isotopic markers 
was the same as that in the synthetic material, showing that 


TaBLe | 
N* and Deuterium Content of Lysine from Proteins of Rats Given Isotopic 


1(+-)-Lysine 


‘Deuterium Ns Ratio, 
atom atom per 
per cent cent excess 
Lysine added to diet 7.98 2.20 3.63 + 0.05*:1 
Lysine from proteins of rat bodies 
Experiment [... 1.08 0.294 3.67 + 0.13*:1 
II 1.04 0.275 | 3.78 + 0.10*:1 


* The probable errors here given for the ratio of the concentration of 
D to N"™ are estimates based on the errors of many individual isotope anal- 
yses in this laboratory. 


no nitrogen from other amino acids had been transferred to lysine 
(Table I). 

Part of the dietary lysine, however, was obviously degraded; 
the urine constituents and other amino acids from the proteins all 
contained isotopic nitrogen (Table II). As lysine contains 2 ni- 
trogen atoms, of which only one,namely that in the a position, 
was marked, we have calculated (7) the isotope concentrations in 
the isolated substances as for 100 atom per cent N™ in the a-nitro- 
gen atom of the administered lysine. The values in Table IT thus 
indicate directly what percentage of the nitrogen of any isolated 
compound was derived from the a-amino group of the added ly- 


1 The metabolism of the unnatural form d(—)-lysine is now being investi- 
gated in collaboration with Dr. 8. Ratner. 
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sine. As in all earlier experiments, glutamic acid had the highest 
isotope concentration: 0.87 per cent of all the nitrogen of the glu- 


II 
N* Concentration in Protein Constituents from Rats Given Isotopic 
l(+)-Lysine 
The values are calculated for an isotope concentration (N') of 100 atom 
per cent in the a-amino group of the administered lysine. 


| Experiment I | Experiment II 


atom per cent atom per cent 


| N® excess N™ excess 
From proteins Total protein | 0.98 1.0 
| Amide N | 0.75 0.43 
_ Aspartic 0.55 0.46 
Glutamic | 0.87 0.66 
Arginine | 0.64 | £0.14 
Lysine 6.7* | 6.3* 
Non-protein N | 0.70 1.28 
From urine Total urine 2.47 | 2.07 
Urinary ammonia 2.62 
“urea | 2.39 


* As lysine has 2 nitrogen atoms, one of which in this experiment has no 
marker, the value indicates that 13.4 per cent of the lysine in the proteins 
was derived from the isotopic compound fed. 


Ill 
Balance of Nitrogen Isotope after Feeding Isotopic l(+)-Lysine 
The values were calculated from the total nitrogen of the fractions and 
their isotopic concentration. 


Fraction of administered 
recovered 


* I Experiment II 
} — — 
| per cent per cent 
Animal body, non-protein N.............! 8.4 15.2 
Total isotope recovered............... | 106.2 


tamic acid of the proteins was derived from the a-amino group 


of lysine. 
General Fate of the a-Amino Nitrogen of Lysine—In Table III 
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Synthesis of Lysine with Deuterium and N“* 


OH 
| | 
Cc Cc 
* ‘ ‘ 
7 
Cc 
| | 
H H,* 
(1) (11) 
NOH r H 7 
| N 
( 
C=0 
H—C C—H: 40, | Hydrolysis 
*H.—C C—H,* | C—H, enzoylation 
*H:—C 
C A 
C 
H,* 
Br. 
H 
it 
(IV) 
H 
C.H;— C—N —CH;- (CH.*);—C— COOH 
| H 
0 Br 
(V) 
H j 


Phthalimide N® + CuO 


C.H;—C—N—CH;— (CH:*);—-C—COOEt 
Hydrolysis 


| H 
Br 
(VI) 
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H 
NA; 
(VID 


* The asterisks and points designate different marked atoms (* hydrogen 
marked with deuterium, * nitrogen marked with N"). 


is given the distribution of the isotopic nitrogen over the various 
nitrogenous fractions obtained from the animals. The material 
was well absorbed, but only 24 to 26 per cent appeared in the 
urine. Most of the remainder (52 to 66 per cent) became incor- 
porated in the proteins. This result is similar to those obtained 
after the feeding of other amino acids (1, 4, 7,8). Quantitatively, 
however, the results are not directly comparable with those of 
the earlier experiments, which were secured from adult animals 
in nitrogen equilibrium, for the present study was carried out with 
growing animals and should involve a greater deposition of dietary 
nitrogen. 

Attempts to detect conversion of the carbon chain of lysine into 
other amino acids have been unsuccessful. 

Synthesis of Lysine with Carbon-Bound D and N“°—Ai: attempt 
was made to introduce carbon-bound deuterium directly into ly- 
sine by the platinum-catalyzed exchange reaction at elevated tem- 
perature. This method, which had proved valuable in the prep- 
aration of deuterio fatty acids (9), does not seem to be applicable 
to amino acids. Lysine was found to be highly resistant to 
catalytic exchange and the deuterio lysine had to be synthesized. 

We have modified the procedure of Eck and Marvel (10) to 
permit the introduction of both isotopes D and N". The starting 
material in this procedure is cyclohexanone (II) which provides 
the carbon chain of the resultant amino acid. We have employed 
two procedures for the preparation of the deuterium analogue of 
this ketone. In contrast to lysine, it exchanges its hydrogen 
readily with that of heavy water when treated with active plati- 
num at an elevated temperature. The yield, however, was small, 
as a considerable part was converted to benzene and cyclohexanol. 

A more convenient procedure is the catalytic reduction of phenol 
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by deuterium gas. Standard procedures (11-13) could not be 
employed for our purpose, as ethanol, which has been employed 
as a solvent, contains exchangeable hydrogen, and our deuterium 
generator (14) does not lend itself to hydrogenation under pressure 
or in the vapor phase. 

Molten phenol was treated at 95° under atmospheric pressure 
with platinum; cyclohexanone was formed directly when 2 moles 
of gas had been taken up. In biological work with deuterium 
as a marker, compounds with too high an isotope content should 
not be fed (6). We therefore carried out the hydrogenation with 
a 50 per cent mixture of deuterium and ordinary hydrogen. 

During the formation and rearrangement of the deuterio cyclo- 
hexanone oxime (III) in boiling 85 per cent HoSO, and subsequent 
hydrolysis, the deuterium originally present in positions 2 and 6 
of the ketone was presumably removed. The benzoyl-e-amino- 
caproic acid (IV) should therefore have deuterium only in the 8, 
y, and 6 positions. The replacement of the a-bromo atom in the 
a-bromo-e-aminocaproic acid (V) by an isotopic amino group was, 
for reasons discussed in an earlier publication (15), carried out by 
condensation of the ethyl ester (VI) with isotopic phthalimide 
according to Gabriel and Kroseberg (16). This procedure requires 
a high temperature and gives low yields when applied to com- 
pounds with a long chain. We have found that cupric oxide 
catalyzes this condensation and increases the yields. The dl- 
lysine (VII) was resolved with good yields with the aid of /- and 
d-camphoric acids according to Berg? (17). 


EXPERIMENTAL 


Exchange Reaction of Cyclohexanone with Platinum and Heavy 
Water—115.5 gm. of cyclohexanone were shaken in sealed flasks 
at 130° for 17 days with 58 ce. of 55 per cent heavy water and 11.5 
gm. of active platinum obtained by reduction of platinum oxide. 
The contents of the flasks were filtered. To part of the mixture, 
corresponding to 81.5 gm. of the ketone, there was added in the 
course of 2 hours a saturated solution of 55 gm. of sodium car- 
bonate and 72.5 gm. of hydroxylamine hydrochloride in 120 ce. 


2 We are deeply indebted to Professor Berg who has suggested to us some 
slight modifications of his original procedure. 
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of water. Stirring was continued for 8 hours. The solution was 
made faintly alkaline to litmus with HCl, extracted with ether, 
and the ether distilled off. As the residue did not crystallize, it 
was fractionated by distillation through a Vigreux column. A con- 
siderable amount of low boiling material was obtained, probably 
hydrocarbons.* At 21 mm. pressure and 76°, 31 gm. of cyclo- 
hexanol distilled over (a-naphthylurethane, m.p. 129-130°) and, 
at 108°, 9.5 gm. of cyclohexanone oxime were obtained. 

The cyclohexanol was oxidized to the ketone with chromic acid. 
The crude ketone was directly converted to the oxime; yield 16.8 
gm., b.p. 96°, 12 mm., m.p. 87-88° (uncorrected). The total 
yield of oxime (only 33.3 gm. from 115.5 gm. of cyclohexanone) 
was converted into e-benzoylaminocaproic acid, m.p. 78-80°, ac- 
cording to Eck and Marvel (10). It contained 6.7 atom per cent 
deuterium corresponding to 8.8 per cent in the eaminocaproic 
acid. 

Catalytic Hydrogenation of Phenol to Deuterio Cyclohexanone — 
70 gm. of redistilled phenol and 710 mg. of platinum oxide were 
placed in a steam-jacketed flask and connected with the hydro- 
genation apparatus (14). The system was filled with a mixture 
of equal volumes of deuterium gas and ordinary hydrogen, the 
flask was heated by steam, and the shaking was started. The 
uptake of gas slowed down when about half the theoretical amount 
of gas had been consumed but revived after 350 mg. of catalyst 
were added. The reaction was interrupted when 28 liters of gas 
had been taken up. Ether was added, the catalyst filtered off, 
and the solution extracted with 10 per cent NaOH to remove un- 
changed phenol. The residue from the dried ethereal solution 
was treated with hydroxylamine, and the resulting 49 gm. of oxime 
were converted into ebenzoylaminocaproic acid. The yield was 
80 gm. 

Ethyl non-isotopie va- 
riety of this compound was obtained by refluxing the ebenzoyl- 
amino-e-bromocaproic acid (10) with 3 per cent sulfuric acid in 
ethanol for 3 hours. The ester is very soluble in methanol and 
ethanol, acetone, benzene, chloroform, and ethyl acetate, diffi- 


* Ina preliminary run benzene was characterized as the m-dinitro deriva- 
tive, m.p. 87° (uncorrected). 
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cultly soluble in low boiling petroleum ether, and insoluble in 
ligroin and water. After recrystallization from a mixture of ben- 
zene and ligroin, it melted at 57-57.5° (corrected). 


CysH»OsNBr. Caleulated. C 52.63, H 5.85, Br 23.39 
Found. ** 62.70, 5.75, 23.46 


The deuterium analogue was prepared by brominating 52 gm. 
of «benzoylamino deuterio caproic acid with 9 gm. of 1ed phos- 
phorus and 141 gm. of bromine. The crude acid was directly 
esterified and 29.8 gm. of ester melting at 56-57° were obtained. 

dl-Lysine Containing D and N“—To 29.8 gm. of the deuterio 
bromo ester in a 100 cc. tube were added 16.1 gm. of potassium 
phthalamide containing 4.5 atom per cent N" excess (15) and 3 
gm. of cupric oxide. The mixture was heated at 150° with stirring 
for 44 hours and extracted with hot absolute ethanol. The sol- 
vent was removed and the residue boiled with a mixture of 75 ce. 
of glacial acetie acid, 75 cc. of water, and 75 ec. of concentrated 
hydrochloric acid. After 2} hours ethyl acetate, acetic acid, and 
water were distilled off (vapor up to 107°). Refluxing was then 
continued for 15 hours. Most of the benzoic acid and phthalic 
acid were removed by concentration and filtration. The thick 
syrup finally obtained was taken up in 60 ec. of absolute ethanol 
and lysine dihydrochloride was precipitated by addition of ether. 
15.7 gm. of crude material were obtained which were twice re- 
crystallized from aleohol-acetone. The yield was 11.9 gm. 

The substance contained 7.0 atom per cent deuterium and 2.2 
atom per cent N® excess. 


Caleulated for 7% deuterium. C 32.7, H 7.8, N 12.7, Cl 32.2 
Found. * 7.4," DS 


This slightly impure preparation was employed directly for reso- 
lution. 

Resolution of Isotopic Lysine Dihydrochloride—Two lysine prep- 
arations obtained via hydrogenation of phenol and via exchange 
of cyclohexanone with D,O were combined and resolved with d- 
and /-camphorie acid according to Berg (17). Professor Berg 
kindly suggested the use of a mixture of 3 parts of methyl alcohol 
and 2 parts of water for the recrystallization of lysine camphorates. 
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For the separation of camphoric acid and amino acid we have 
employed HCl instead of H2SO, in order to minimize losses due 
to absorption on BaSQ,. 36.4 gm. of di-lysine dihydrochloride 
yielded 9.96 gm. of /(+)-lysine dihydrochloride. 

The dihydrochloride contained 6.98 atom per cent deuterium; 
hence the lysine contained 7.98 atom per cent deuterium. As the 
phthalimide, which was employed for the synthesis, contained 
4.50 atom per cent N® excess, the isotope concentration of 2.20 
N® atom per cent excess in the lysine which has 1 normal and 1 
isotopic nitrogen atom was almost the theoretical value. N (Kjel- 
| dahl) 12.7; theory for lysine dihydrochloride containing 7.0 atom 
per cent deuterium, 12.7 per cent. 


la]p = +15.58° (0.1540 gm. in 5 cc. HO) 


Tsolope Analysis of Lysine—The treatment of lysine by the 
Kjeldahl procedure, as a preliminary step for the mass spectro- 
metric analysis of the nitrogen isotope, requires special precautions. 
Short periods of digestion give rise to errors, as the following ex- 
periment demonstrates. Three equal samples of lysine dihydro- 
chloride containing 4.5 atom per cent excess N™ in the a position 
(the lysine thus contained 2.2 atom per cent excess) were digested 
for various periods with copper-selenium catalyst. The results are 
as follows: 


Atom per cent N"™ excess in 


Length of digestion ammonia liberated 
15 min. 3.32 
2.98 
15 hrs, 2.63 


This indicates that the a-amino group, containing 4.5 atom per 
cent N", was liberated readily as ammonia, while part of the non- 
isotopic nitrogen of the «amino group was more resistant and es- 
caped conversion into nitrogen gas.‘ It was found that digestion 
) with HgSO, for 2 hours, as recommended by Pregl, gave complete 
| digestion of all lysine samples and theoretical values for the iso- 


tope. 


‘The difficulty may be connected with the liberation of methylamine 
during digestion with H.SO, (18). 
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Feeding Experiments 


Both feeding experiments were carried out in essentially the 
same manner. In the preliminary experiment (No. I) a young 
male rat, weighing 115 gm., was kept in a metabolism cage on our 
usual stock diet consisting of 15 per cent casein, 68 per cent corn- 
starch, 5 per cent yeast, 4 per cent salt mixture (19) (from which 
sodium chloride was omitted in these experiments), 2 per cent cod 
liver oil, and 6 per cent Wesson oil. The lysine dihydrochloride 
was made up daily in solution with an equivalent amount of so- 
dium bicarbonate and mixed with the diet in the food cup. The 
sodium chloride, absent in the salt mixture, was thus supplied 
with the lysine. The animal consumed 57 gm. of diet and 900 
mg. of lysine dihydrochloride (4.1 mM) over a period of 4 days, 
and gained 20 gm. in weight. Urine and feces were carefully col- 
lected during the experimental period. 

In Experiment II three young male rats, each weighing 100 gm., 
were kept on the same diet for 4 days in separate metabolism 
cages. During this time they consumed a total of 208 gm. of 
diet and 1.93 gm. of lysine dihydrochloride. The three animals 
gained a total of 57 gm. 

Analysis of Excreta—The feces from Experiment I] were di- 
gested on the steam bath in concentrated H.SO, for 2 days, and 
the mixture then boiled until clear. It contained 342 mg. of total 
N, with 0.020 atom per cent N® excess. 

The intestinal contents and residual food were combined. They 
contained a total of 348 mg. of nitrogen with 0.190 atom per cent 
N® excess. 

The three daily urine samples of Experiment I contained 278, 
158, and 179 mg. of nitrogen with 0.090, 0.125, and 0.112 atom 
per cent N"™ excess respectively. The value in Table II is cal- 
culated from the average. The urine samples of the first 3 days 
of Experiment II were combined. They contained 1.13 gm. of 
nitrogen with 0.075 atom per cent N® excess. The 4th day’s 
urine contained 493 mg. of nitrogen with 0.091 atom per cent 
N® excess. A sample of urea® precipitated as the dixanthydrol 
derivative had 0.105 atom per cent N“ excess. Calculated N 6.7, 


5’ We wish to thank Dr. Samuel Graff for the urea and NH; de- 
terminations. 
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found N 6.7. A sample of ammonia which was aspirated after 
addition of NaeCO; contained 0.115 atom per cent N™ excess. 

The animals were killed by ether. Inasmuch as it was necessary 
to isolate relatively large amounts of lvsine for accurate determina- 
tion of the ratio of D and N®, the organs were not worked up 
separately. The intestinal tracts (from the pylorus to the anus) 
were opened with scissors and the contents thoroughly washed 
with water into a flask to be worked up with food residues. The 
washed tracts were then added to the carcasses. The material 
was run through a meat grinder twice, and then suspended in cold 
6 per cent trichloroacetic acid to remove non-protein nitrogen. 
In Experiment I 680 mg. of non-protein nitrogen containing 0.031 
atom per cent N™ excess, and in Experiment IT 1470 mg. with 
0.056 atom per cent N® excess were obtained. 

Since the isolation procedures employed in the two experiments 
differed somewhat, each will be described separately. 

Experiment I—The proteins were hydrolyzed with 20 per 
cent HCl. 

Hydrolysis of Proteins—The hydrolysate contained 3.02 gm. of 
total N, with 0.043 atom per cent N"™ excess. It was concen- 
trated in vacuo to remove excess HCl, and made up to 100 ce. 
3 gm. of flavianic acid were added, and the arginine flavianate 
obtained was recrystallized from 0.1 N HCl, yielding 2.93 gm. of 
flavianate. The arginine contained 0.026 atom per cent N™ ex- 
cess. Amide N was secured by adding 70 gm. of solid Ba(OH)s:-- 
8H.O and aspirating off NH,, in a stream of Ne under reduced 
pressure, into 40 ec. of 1 N H»SO,. The amide N contained 0.033 
atom per cent N" excess. Barium flavianate was then filtered 
off, and the barium salts of the dicarboxylic acids precipitated 
with alcohol (20). The mixed barium salt was reprecipitated and 
glutamic acid isolated as the hydrochloride. Calculated N 7.6, 
found (Kjeldahl) N 7.5, 0.038 atom per cent N™ excess. Aspartic 
acid was isolated as the copper salt. Calculated N 7.2, found 
N 7.1, 0.024 atom per cent N"® excess. 

The mother liquors of the barium salts of the dicarboxylic acids 
were combined and Ba** was removed with H,SO, in the presence 
of HCl. The solution was brought to a volume of 250 cc. and an 
HCl concentration of 3.5 per cent. Histidine and lysine were pre- 
cipitated with phosphotungstie acid, and the precipitate was de- 
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composed with amyl alcohol-ether (21). Histidine was removed 
as the mercury complex (22). 

Purification of Lysine from Experiment I—The mother liquor 
of the histidine preparation was treated with H.S to remove Hg*+, 
cleared with norit, and brought to dryness in vacuo. The lysine 
had to be of the highest purity for the determination of the ratio 
of the two isotopes. The compound isolated as the dihydro- 
chloride was purified via the picrate and converted to dibenzoyl- 
lysine. The residue was taken up in 50 cc. of water, again treated 
with norit, filtered, and 2 ce. of concentrated HCl were added. 
This was brought to a syrup in vacuo and taken up in absolute 
EtOH. The insoluble salts (NaCl) were filtered off. The lysine 
dihydrochloride was precipitated by adding 3 volumes of acetone 
to the alcoholic solution while stirring vigorously. A Pauly test 
for histidine on this material was negative. 585 mg. of material 
were secured. It was dissolved in 60 cc. of water, Cl- was re- 
moved with silver carbonate, and Agt with HS. 575 mg. of 
picrie acid were added to the warm solution. 568 mg. of picrate, 
decomposing at 260°, were obtained. 

565 mg. of the picrate were suspended in HCl and picric acid 
removed by exhaustive extraction with ether. The colorless aque- 
ous solution was brought to dryness in vacuo to remove excess HCI. 
The lysine dihydrochloride was benzoylated according to Fischer 
(23), yielding 301 mg. of lysuric acid (recrystallized from acetone), 
m.p. 149-150° (corrected). 


iN». Calculated, C 67.8, H 6.3; found, C 67.5, H 6.2 


The lysuric acid contained 0.294 + 0.007 atom per cent N® 
excess, and 0.685 + 0.02 atom per cent deuterium; hence the ly- 
sine contained 1.08 atom per cent deuterium. 

Experiment II—The material washed with trichloroacetic acid 
was hydrolyzed with 20 per cent H,SO,. The solution contained 
8.09 gm. of total nitrogen, with 0.044 atom per cent N"® excess. 
The solution was brought to pH 4.5 with CaCOs, filtered, and 
freed of Ca** with oxalic acid. It was concentrated to 1.5 liters, 
brought to pH 5.5 with Ba(OH)s, and again filtered. 250 cc. of 
the filtrate were taken for collection of amide N as before. This 
fraction contained 0.019 atom per cent N™ excess. The combined 
solutions were concentrated in vacuo to 400 ec. and solid Ba(OH)s-- 
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8H.O added until the solution was alkaline to phenolphthalein. 
The barium salts of the dicarboxylic acids were isolated as pre- 
viously described. From these, glutamic acid hydrochloride and 
copper aspartate were isolated. Glutamic acid hydrochloride: 
calculated N 7.6, found N 7.6, 0.029 atom per cent N"” excess, 
0.03 + 0.02 atom per cent deuterium. Copper aspartate: calcu- 
lated N 7.2, found N 7.2, 0.020 atom per cent N® excess. 

Bat*t*+ was removed from the filtrate of the dicarboxylic acids, 
the solution adjusted to pH 3, and arginine precipitated as the 
flavianate. Part of the flavianate was converted to a-toluene- 
sulfonylarginine (24). Calculated N 17.1, found N 17.1, 0.006 
atom per cent N' excess. Another part was converted to the 
monohydrochloride, m.p. 220° (uncorrected), 0.04 + 0.02 atom per 
cent deuterium. Excess flavianic acid was removed from the 
hydrolysate by extraction with butyl alcohol, and histidine and 
lysine were precipitated as before by phosphotungstic acid. After 
decomposition of the precipitate, histidine was removed as the 
mereury complex. 

Purification of Lysine from Experiment II—Lysine was first ob- 
tained as the dihydrochloride. The same picrate procedure was 
used as in Experiment I. By this means 1.2 gm. of a crude pic- 
rate were secured, which, on recrystallization, yielded 751 mg. 
decomposing sharply at 266-267°; 700 mg. were benzoylated as 
described before, vielding 444 mg. melting at 149-150°. 


Ne. Calculated. C 67.8, H 6.3, N 7.9 


This lysuric acid contained 0.275 + 0.007 atom per cent N™ 
excess, and 0.663 + 0.01 atom per cent deuterium; hence the 
lysine contained 1.04 atom per cent deuterium. 


DISCUSSION 


Differences in Metabolic Behavior between Lysine and Other In- 
dispensable Amino Acids—- According to the present results, the 
metabolism of lysine is similar to that of other indispensable 
amino acids studied in that it is replaced in its protein linkage by 
dietary lysine. Furthermore, nitrogen liberated from the amino 
acid is employed for the formation of other nitrogenous com- 
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pounds. It differs only in that its nitrogen is not replaced by that 
of other amino acids. 

This exceptional behavior has its parallel in the known behavior 
of the corresponding a-hydroxy derivative in nutritional experi- 
ments (25). Most of the indispensable amino acids can be replaced 
in the diet of growing rats by the related a-hydroxy or a-keto 
acids, indicating that the nitrogen-free carbon chains can accept 
nitrogen to form the amino acids. The a-hydroxy analogue of 
lysine, however, does not support growth on a lysine-free diet® (25), 

The metabolic behavior of only a few indispensable amino acids 
has so far been investigated with isotopes. As stated above, leu- 
cine (1) and histidine (2) accept nitrogen from other compounds 
and hydrogen from the body fluids but lysine does not. These 
findings suggest that there are two groups of indispensable amino 
acids. Those of one group, represented by histidine and leucine, 
are, like dispensable amino acids, involved in the continuous and 
reversible process of nitrogen shift in the animal. Those of the 
other group are “inert” toward the acceptance of nitrogen. If 
the dietary replaceability of indispensable amino acids by the un- 
natural form or by their corresponding a-hydroxy or a-keto acids 
could be taken as an indicator of the biological ‘“‘activity”’ of the 
a-amino group in normal metabolism, the number of “inert” 
amino acids would be small. The “inert”? group would, on the 
basis of reported data, be represented by threonine (28) and 
lysine. 

We venture to speculate as to why lysine, once it has lost its 
a-amino group, cannot be reconverted into lysine. Three pos- 
sibilities may be considered. 

1. Lysine, like all other amino acids, is degraded to the corre- 
sponding a-keto acid, but no enzyme exists which can aminate 
the keto acid to the amino acid. 

2. Lysine is subject in the animal to a sequence of chemical 
reactions, analogous to those by which its homologue, ornithine, 
is converted into proline (29, 30). The a-keto acid corresponding 
to lysine (VIII) would be expected to form a 6-membered ring 


® None of the following derivatives of lysine, a-aminocaproic acid (26), 
a-hydroxycaproic acid (25), e-hydroxycaproic acid (25), «-aminocaproic 
acid (25), and d(—)-lysine (27), can replace lysine. The a-keto acid cor- 
responding to lysine is not known. 
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(IX) with great ease. This would form the ring homologue of 
proline, piperidine a-carboxylic acid (X), which, in contrast to 
proline, is not a normal protein constituent and may follow a 
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metabolic pathway entirely different from that of proline or other 
natural amino acids. 

3. The biological degradation of lysine, in contrast to that of 
other amino acids, may not start with deamination at the a- but 
at the eamino group. 


The authors are indebted to Dr. D. Rittenberg for valuable ad- 
vice and help. 


SUMMARY 


1. Lysine was so synthesized that the carbon chain was marked 
by stably bound deuterium and the a-amino group by N®. The 
racemic compound was resolved into its two optical isomerides 
and the natural component, /(+)-lysine, employed for feeding 
experiments. 

2. In two experiments, samples of the isotopic lysine were added 
to the normal stock diet of growing rats. Only 20 to 25 per cent 
of the nitrogen isotope administered in the form of lysine was 
recovered in the excreta; most of the remainder was present in 
the proteins of the animals. 

3. The proteins were hydrolyzed and lysine, glutamic acid, 
aspartic acid, and arginine were isolated. The lysine samples 
contained a high concentration of both isotopes, indicating that 
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lysine of the diet had entered the proteins directly. The presence 
of isotope in other amino acids shows that nitrogen from lysine 
had been employed for their formation. 

4. The isotope composition of the lysine preparations isolated 
from the proteins of the animals showed that this amino acid had 
been treated differently from other amino acids. The concentra- 
tions of both isotopes, N™ and D, in the lysine isolated, were lower 
than those in the compound administered (owing to the admixture 
with normal, non-isotopic lysine), but the ratio of the isotope con- 
centrations remained the same. The results show that none of 
the nitrogen of the a-amino group had been replaced by nitrogen 
from other sources. 

5. The metabolism of lysine differs from that of other amino 
acids studied, dispensable or indispensable, in that lysine, once it 
is deaminated, cannot be aminated again to form lysine. Deami- 
nation of lysine is biologically irreversible. 
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PREPARATION OF A PREGNANETRIOL-3(a), 17, 20 


By H. HIRSCHMANN 


(From the Department of Obstetrics and Gynecology and the Gynecean Hospital 
Institute of Gynecologic Research, University of Pennsylvania, 
Philadelphia) 


(Received for publication, June 23, 1941) 


It has been shown that urinary androsterone and etiocholanol- 
one may arise from an extragonadal source which is believed to 
be the adrenal cortex (1-3). The adrenal precursor or precursors 
of these 17-ketosteroids, however, have not yet been determined. 
Hypotheses have been advanced postulating that these excretion 
products are derived from certain pregnane compounds carrying a 
hydroxyl group at C;; (4,5). With a view to testing such concepts 
experimentally we have begun to prepare compounds of this type 
for metabolic studies. 

In the present paper the preparation of a_pregnanetriol- 
3(a),17,20 from pregnanediol-3(a),20(a@) is described. The 
steps used in this conversion are shown in the accompanying 
diagram ((I) to (V)). Pregnanediol (I) was acetylated at position 
3 to prevent the removal of this hydroxyl group during the subse- 
quent dehydration. While pregnanediol monoacetate-3 (II) has 
not been described previously, a reaction mixture containing this 
substance has already been prepared by Marker, Kamm, and 
Wittle (6), who used it for a synthesis of pregnanol-3(a@)-one-20. 
This mixture was obtained by treating pregnanediol with boiling 
acetic acid containing the equivalent of somewhat more than 2 
moles of acetic anhydride. In the present work pregnanediol 
was acetylated with glacial acetic acid. After the removal of 
some unchanged starting material, which is only sparingly soluble 
in petroleum ether (7), the reaction mixture was fractionated with 
the aid of a column of alumina. In addition to pregnanediol 
diacetate two substances with the composition of a monoacetate 
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of pregnanediol were obtained. They melted! at 132.5° and 175.5° 
respectively. The higher melting of these is undoubtedly identical 
with the pregnanediol monoacetate (m.p. 170.5°, uncorrected) 
of Butenandt and Schmidt (7), who obtained it by partial hydrol- 
ysis of the diacetate and identified it as the 20-monoacetate. The 
structure of the monoacetate-3 must therefore be assigned to our 
lower melting isomer. The stepwise conversion of this substance 
into etiocholanol-3(@)-one-17 (V1) affords further evidence that 
the unesterified hydroxyl group is attached to Co. 

Pregnanediol monoacetate-3 was converted into A,;-pregnenol- 
3(a) (IV) by way of the toluenesulfonate-20 (III), which readily 
split off toluenesulfonic acid on treatment with boiling pyridine. 
The location of the double bond of the pregnenol was deduced 
from the structure of the pregnanetriol that was obtained by 
hydroxylation according to the method of Criegee (8). One of the 
hydroxyl groups of this glycol failed to react with acetic anhydride 
and was therefore considered to be tertiary. The most probable 
structure of a triol containing a tertiary hydroxyl group and 
derived from pregnanediol by these steps is represented by For- 
mula V. Moreover, degradation with periodic acid yielded the 
known etiocholanol-3(a@)-one-17 (VI). This proved conclusively 
that the triol possesses the structure of a pregnanetriol-3(a) ,17 ,20 
and that it had been derived from a A,7-pregnenol-3(a). 

The pregnanetriol-3(a) ,17 ,20 obtained by this procedure is not 
identical with the pregnanetriol-3(a),17,20 which Butler and 
Marrian (9) isolated from the urine of patients with adreno-genital 
syndrome and which they regard as a precursor of urinary etio- 
cholanolone. The difference between the two triols must be 
attributed to a different spatial arrangement at either Cy; or Coo or 
both. Our product is likewise isomeric with the four allopreg- 
nanetriols-3(8),17,20 that have recently been synthesized by 
Reichstein and his collaborators (10). Since their series com- 
prises two triols that have been isolated from the adrenal cortex 
(11), a stereochemical correlation between the allopregnanetriols- 
3(8) ,17,20 and the pregnanetriols-3(a@) ,17 ,20 may be of consider- 
able interest. Three of Reichstein’s triols were obtained by 
hydroxylation of Aj;-allopregnenol-3(8) according to Criegee’s 


' All melting points reported are corrected. 
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method. As we have used the same procedure, it might be 
inferred that our triol and the adrenal compound J, the main 
hydroxylation product of Reichstein, possess the same configura- 
tion at Cy; and Cy. However, the starting materials for these 
reactions (Aj7-pregnenol-3(a@) and j7-allopregnenol-3(8)) were 
prepared by different routes and since the location of the double 
bond permits the existence of a cis-trans isomerism one cannot be 
certain that the configuration at the double bond is the same in 
both cases. Additional information seems therefore necessary to 
establish a stereochemical relationship between our triol and its 
analogue in the allopregnane series. 


EXPERIMENTAL 


Acetylation of Pregnanediol—922 mg. of pregnanediol-3(a) ,20(a) 
and 28 ce. of glacial acetic acid (99.5 per cent) were refluxed under 
anhydrous conditions for 2 hours. The solution when cold was 
distributed between benzene and water. The benzene layer was 
washed free of acid and evaporated under reduced pressure. The 
dry product was leached with five portions of petroleum ether 
(totaling 130 ce.). The insoluble residue (361 mg. melting at 
220-229°) was treated with 11 ec. of boiling glacial acetic acid for 
2 hours and worked up as described above. The pregnanediol 
fraction (material insoluble in petroleum ether) weighed 112 mg. 
(12 per cent) and melted at 217-231°. The petroleum ether 
extracts were combined (180 cc.) and passed through a column 
(180 X 13 mm.) of Brockmann’s aluminum oxide. The column 
was eluted with petroleum ether to which increasing amounts of 
benzene had been added, and finally with pure benzene. The 
volumes and compositions of the eluants and the weights and 
melting points of the eluates are summarized in Table L. 

Fractions 4 to 6 were recrystallized from 85 per cent methanol 
and yielded 280 mg. of rectangular plates. The melting points 
of these preparations (131.5-132.5°) could not be raised by further 
recrystallization. The compound retained solvent even when 
dried at 100° in vacuo. An analytical specimen free of solvent was 
obtained by sublimation in a high vacuum (about 10-* mm. of 
Hg) at 110-120°. 


Calculated. C 76.19, H 10.57 
Found, 76.32, 10.64 


H. Hirschmann 801 


Fractions 2 and 7 proved to be mixtures. Fraction 3 did not 
yield a product with a sharp melting point on recrystallization. 
These fractions as well as the mother liquor of Fractions 4 to 6 
were therefore subjected to another chromatographic analysis. In 
addition to 52 mg. of pregnanediol diacetate and 33 mg. of preg- 
nanediol monoacetate-20, 129 mg. of pregnanediol monoacetate-3 


TaBLe | 
Chromatographic Fractionation of Pregnanediol Acetates 


No Ben- Crude Once recrystallized 

\Volume zene | - Main component 
content Weight Weight | M.p. 
ec. percent mg. mg. | 


_ 330 209 180.5-181.5, Pregnanediol diacetate 
175 122 


l 
2 
3 175 | 10 S4 8O 124.5-130.5. monoacetate-3 
4 600, 10) 145 | | 129.5-131.5 
5 | 360 | 

20 | 15 | Of | 130.5-182 
6 | 250; 15 | 

100, 45 | 54 | 53 | 127.5-131 


7 | 175 | 45 | 49 | 40 | 138 -162 
8 | 325 | 45 59 47 —-:173.5-175.5, Pregnanediol monoace- 


tate-20 

9 150 100 79 65 173.5-175 | Pregnanediol monoace- 
tate-20 

10 150 100 13 11 168.5-172.5 Pregnanediol monoace- 
 tate-20 


11 150-100 


were obtained. The total yield for this substance was 409 mg. 
(39 per cent). 

Fraction 1 was recrystallized from methanol. 197 mg. of 
pregnanediol diacetate melting at 180.5-181.5° were obtained. 
There was no depression of the melting point on admixture with 
an authentic specimen. The resolidified product melted at 166°. 
This allotropism of pregnanediol diacetate has been described 
previously (3). The yield was 249 mg. (21 per cent). 

Fractions 8 to 10 were recrystallized from dilute acetone. The 
final product melted at 174-175.5°. 
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Analysis— (Specimen dried by sublimation in a high vacuum) 
Cos3H3s0;3. Calculated, C 76.19, H 10.57; found, C 76.26, H 10.43 


The total yield of pregnanediol monoacetate-20 was 177 mg. 
(17 per cent). 

When the acetylation was carried out for a single period of 3 
hours instead of the two periods of 2 hours as described above, the 
yields of diacetate (28 per cent) and of unchanged starting material 
(20 per cent) were appreciably higher, while those of the mono- 
acetates were correspondingly lower. 

Pregnanediol Acetate-3 p-Toluenesulfonate-20—246 mg. of preg- 
nanediol monoacetate-3 and 251 mg. of p-toluenesulfonyl chloride 
were dissolved in 2.5 cc. of pyridine and kept at room temperature 
for 24 hours. The solution was chilled and treated with 0.4 ce. 
of cold water which was added in portions. The mixture was 
distributed between benzene and water. The organic phase was 
washed with dilute hydrochloric acid, sodium carbonate, and water. 
It yielded 360 mg. of a colorless oil that crystallized upon the 
addition of methanol. The material was very soluble in acetone 
and was recrystallized from methanol. Since the compound is not 
stable in hot alcoholic solutions,? recrystallizations were carried 
out as rapidly as possible. The analytical specimen which had 
been recrystallized three times melted at 112-115° with decomposi- 
tion. The melting point varied somewhat with the rate of heating. 


Analysis—CyoHyO SS. Calculated, 8 6.20; found, 8 5.94 


Upon storage at room temperature the crystals (hair-like needles) 
were slowly converted into a brown oil. 

Ai7-Pregnenol-3(a)—280 mg. of pregnanediol acetate-3 toluene- 
sulfonate-20, 300 mg. of dry powdered calcium carbonate,’ and 6 ce. 
of pyridine were refluxed for 2 hours under anhydrous conditions. 
The reaction mixture was taken up in ether and extracted repeat- 
edly with dilute hydrochloric acid, sodium carbonate solution, and 


? After an ethanolic solution of the toluenesulfonate was refluxed in the 
presence of dry calcium carbonate for 3 hours, no starting material could 
be recovered. The main reaction product was a pregnenol, the structure 
of which is being investigated. 

3 The addition of calcium carbonate was suggested by the work of Hiickel 
and Tappe (12), who used it for the prevention of secondary reactions 
caused by the toluenesulfonie acid. 
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water. The ether residue failed to crystallize. It was dissolved 
with gentle heating in a mixture of 180 mg. of sodium hydroxide, 
28 ec. of methanol, and 2 ce. of water. The solution was kept for 
17 hours at room temperature and then concentrated under 
reduced pressure. After the addition of ether the mixture was 
washed with water and taken to dryness. The residue was 
recrystallized three times from dilute acetone. Hair-like needles 
melting at 118-120° were obtained. The yield of pregnenol was 


87 per cent. 


Analysis—CyH Calculated. C 83.38, H 11.33 
Found, 82.93, 11.08 


Hydroxylation of Aj7-Pregnenol-3(a); Pregnanetriol-3(a) , 17 ,20 
Diacetate--126 mg. of Aj7-pregnenol-3(a) were dissolved in 2 ce. 
of freshly distilled anhydrous ether. A solution of 125 mg. of 
osmium tetroxide in 1.3 ec. of ether was added, and the mixture 
kept at room temperature for 39 hours and then taken to dryness. 
The residue was dissolved in 10 ec. of ethanol, mixed with a solu- 
tion of 630 mg. of sodium sulfite in 30 ce. of water, refluxed for 2 
hours, and filtered while still hot. The precipitate was thoroughly 
washed with hot 95 per cent alcohol. The washings were com- 
bined with the filtrate and concentrated under reduced pressure 
until the aleohol had been removed. The aqueous residue was 
thoroughly extracted with ether. The ether phase was washed 
with water and taken to dryness. Material obtained by this 
procedure can be purified by reerystallization to yield the preg- 
nanetriol described below. To test the homogeneity of the crude 
product, however, it was acetylated and subjected to chromato- 
graphic analysis. The ether residue (141 mg.) was dissolved in 2 
ee. of pyridine and treated with 1 ec. of acetic anhydride at room 
temperature for 16 hours. Then the excess of anhydride was 
hydrolyzed, and the reaction mixture distributed between ether 
and water. The ether layer was washed with dilute hydrochloric 
acid, sodium carbonate, and water and yielded upon evaporation 
171 mg. of crystalline material. The dry residue was dissolved 
with warming in 85 cc. of petroleum ether and passed through a 
column (125 & 13 mm.) of Brockmann’s aluminum oxide. Elu- 
tion with 165 ec. of petroleum ether and 500 ce. of petroleum ether 
containing 10 per cent of benzene yielded 1 mg. of residue. The 


2 


if 
q 
| 
‘a 
| 
q 
my 


804 Pregnanetriol-3(a@),17,20 


column was then washed twice with 200 cc. of petroleum ether 
containing 20 per cent of benzene, four times with 200 cc., and 
once with 300 ce. of petroleum ether containing 30 per cent of 
benzene. The eluates (Fractions a to g) weighed 3.9, 29.0, 49.0, 
27.2, 16.0, 8.0, and 5.1 mg. respectively. Elution with petroleum 
ether containing 60 per cent of benzene (400 cc.) and with benzene 
(200 ec.) yielded 3.1 mg. Continued washing with ether (270 cc.) 
and acetone (200 ce.) eluted 3 and 19 mg. respectively (Fractions 
handi). Further elution (200 ec. of acetone) yielded only 1.2 mg. 

Fractions ¢ to g all melted above 185°. Upon recrystallization 
from methanol and from a mixture of benzene and petroleum ether 
78.3 mg. of tetragonal prisms melting at 193-196° were obtained. 
' Fractions a and b melted over a wide range (below 155°) and 
yielded 7.4 mg. of the same product (m.p. 194°) on repeated 
recrystallization. 

Caleulated. C 71.39, H 9.59 

Found. ** 71.22, “* 9.50 

Rotation—la]—? = +71° (1% in ethanol) 

Fractions A and 7 failed to crystallize and were hydrolyzed with 
sodium hydroxide in dilute methanol. The reaction product 
(18.8 mg.) was extracted with a small volume of acetone. The 
insoluble residue (2.1 mg.) was recrystallized from methanol. 
0.6 mg. of colorless prisms melting at 248-252° were obtained. 
The acetone-soluble fraction upon recrystallization yielded 4 mg. 
of crystals melting at 215°. The melting point was not depressed 
by admixture with pregnanetriol-3(q@) ,17 ,20. 

Pregnanetriol-3(a) ,17 ,20—40.8 mg. of pregnanetriol diacetate 
were dissolved in 6.5 ce. of methanol and treated with 1 ce. of 3 
per cent aqueous sodium hydroxide for 20 hours. The mixture 
was concentrated, diluted with ether, and washed with water. 
The residue weighed 32.5 mg. The triol crystallized from dilute 
alcohol in plates that retained solvent when dried in vacuo at room 
temperature, but became opaque upon drying at 110°. This was 
accompanied by a weight loss equivalent to 1 mole of ethanol. 
Recrystallization from acetone yielded multifacetted prisms that 
were found to be free of solvent. The dry compound melted at 
215-218°. The yield was 91 per cent. 

Analysis Calculated. C 74.95, H 10.78 

Found. 74.86, “ 10.52 


The triol did not precipitate with digitonin in 80 per cent ethanol. 
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Degradation of Pregnanetriol-3(a) ,17,20; Etiocholanol-3(a)-One- 
17—0.3 ee. of a 10 per cent aqueous periodic acid (HIO,.2H.O) 
solution was added to a solution of 12.6 mg. of pregnanetriol in 
1.4 ce. of methanol. The reaction mixture was kept at room 
temperature for 18 hours and was then distributed between ether 
and water. The ether phase was washed with sodium carbonate 
and water and evaporated. The residue (10.8 mg.) was recrystal- 
lized from dilute methanol. 8.8 mg. of colorless needles were 
obtained that showed a point of incomplete fusion (followed by 
resolidification) at 139.5° and melted completely at 152°. Upon a 
second recrystallization the transition point was raised to 142° 
and the melting point to 151.5-152.5°. This behavior is in ac- 
cordance with observations of Callow (13) who first described the 
dimorphism of etiocholanolone. Upon admixture with a specimen 
of etiocholanol-3(a)-one-17 isolated from urine (3) there was no 
depression of the melting point. The final product (7.7 mg.) was 
benzoylated in the usual manner (3). The benzoate melted at 
165-166°. The identity of this product was confirmed by a mixed 
melting point determination with the benzoate of natural etio- 
cholanolone. 


Analysis —CogHyO3. Calculated. C 79.14, H 8.69 
Found. “* 78.85, “ 8.74 


SUMMARY 


Treatment of pregnanediol with acetic acid has yielded a mixture 
of acetates from which pregnanediol monoacetate-3 has been 
obtained. It has been converted into Aj;-pregnenol-3(a@) and a 
pregnanetriol-3(a) , 17 ,20. 


The author is indebted to Mr. William Saschek, College of 
Physicians and Surgeons, New York, for the microanalyses re- 
ported in this paper. 
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DETERMINATION OF CHLORIDE AND BASE IN THE 
SAME TISSUE SAMPLE 


By R. B. DEAN anp M. M. FISHMAN 


(From the Department of Physiology, School of Medicine and Dentistry, The 
University of Rochester, Rochester, New York, and the Departments of 
Physiology and Zoology, University of Minnesota, Minneapolis) 


(Received for publication, May 29, 1941) 


The determination of chloride and base in tissues is of con- 
siderable importance in electrolyte studies. It is often impossible 
to secure aliquots of single muscles, so that some workers have 
found it necessary to analyze parallel series of muscles for chloride 
and base. The determination of base in the filtrate from a Carius 
digest is inaccurate because of the adsorption of small quantities 
of base on the AgCl precipitate. In addition, the open Carius 
method is unsatisfactory when used on dry tissues (5). Two 
methods have been described which would permit the determina- 
tion of chloride and base in the same tissue. Krogh (3) described 
a method involving the extraction of chloride with boiling water, 
but obtained values lower than those obtained by complete de- 
struction of the tissue. More recently, Oster (4) has used electro- 
dialysis for the simultaneous determination of chloride and total 
base. The method described here has been outlined previously 
(1) and was designed to be applicable to dry tissues without the 
use of specialized apparatus, and to yield a residue which could 
be readily ashed for the determination of total base. 


Procedure 


Muscles or other tissues, 100 to 300 mg. of wet weight, are dried 
in 15 ml. wide mouth weighing bottles. The dry tissues are then 
digested with H.SO,, liberating HCl which is absorbed by a strip 
of filter paper impregnated with alkali, and which is attached to 
the stopper of the weighing bottle. The chloride on the paper 
is determined by Keys’ method (2). Strips of ash-free filter paper, 
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10 mm. wide and 25 mm. long, are folded lengthwise, a triangle 
is cut off one end, and the ends are folded over. These operations 
ean be carried out with forceps, as the paper should not be touched 
with the fingers. 

The cut and folded end of the filter paper is momentarily dipped 
into melted paraffin (high melting point) and quickly attached 
to the under side of the previously warmed weighing bottle cover, 
1 drop of either 20 per cent KOH or NaOH is applied to the strip 
of filter paper (the fold prevents curling at this stage). The 
ground surface of the stopper or the bottle is lubricated with con- 
centrated sulfuric acid, about 1 ml. of the acid is delivered into 
the weighing bottle, and the stopper carrying the filter paper is 
quickly inserted. With pure NaCl there may be an effervescence 
and loss of HCl before the weighing bottle is stoppered, but we 
have found no evidence of such loss either with tissues or controls 
containing gelatin plus salt. The stopper should be secured in 
the bottle by means of a rubber band. 

The weighing bottle is incubated at 60-70° for about 6 hours, 
or, if more convenient, it is allowed to stand overnight on a warm 
surface such as an oven top, so that the stopper remains cooler 
than the bottom of the bottle. Digestion is complete when the 
brown or black sulfuric acid digest is homogeneous. The bottle 
is cooled, the stopper is removed, and the filter paper is carefully 
cut off and allowed to drop into a 15 ml. centrifuge tube for sub- 
sequent chloride analysis. Meanwhile, the digest, together with 
two rinsings of the bottle with water, is transferred by means of 
a small rubber bulb pipette to a platinum crucible. The contents 
of the crucible are then evaporated to dryness on a hot-plate and 
ashed in the usual manner. The ash may be analyzed for basic 
constituents by any suitable method. 

Exactly 1 ml. of a solution of AgNO, in 30 per cent HNO, is 
added to the tube containing the filter paper together with a drop 
of saturated ferric ammonium sulfate solution. The tube is chilled 
in ice, 1 ml. of ether is added, and the excess Ag®* is titrated with 
NH,CNS according to Keys’ directions (2) without centrifuging. 
No attempt should be made to digest the filter paper in the nitrie 
acid, as digested carbohydrates interfere with the end-point. With 
active air stirring and a cautious approach to the end-point, no 
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significant errors will be introduced by adsorption on the filter 
paper. 

Table I shows the results of two series of analyses of paired 
frog muscles. One muscle of each pair was analyzed by this 
method; the other was analyzed by open Carius digestion, with 
titration according to Keys (2). The error appears to be about 


TaBLe 
Determination of Chloride 


Chloride, moles X 10~* per gm. of wet muscle. 


Series A (R. B. D.) Series B (M. M. F.) 
Authors’ method | Difference | | Difference 
30.1 | 28.0 | +2.1 | 38.8 40.7 ~1.9 
31.0 | 30.8 +0.2 | 29.0 30.7. | -1.7 
25.6 25.5 40.1 | 34.2 34.0 | +0.2 
27.2 28.9 —1.7 | 27.8 29.0 —1.2 
34.3 30.8 43.5 41.7 44.2 
28.4 28.9 | 36.7 36.0 +0.7 
30.0 30.6 —0.6 
| 42.5 41.7 +0.8 
48.6 —1.8 
| 39.8 37.4 +2.4 
| 32.6 31.8 +0.8 
| | 41.4 38.2 +3.2 
| | 37.6 38.7 
| 39.0 | 41.3 —2.3 
Average. 29.4 | 28.8 | +40.6 37.8 37.4 | —0.4 
Difference, %...... | +1.7 | | —1.1 


+2 per cent, although some of this may be due to differences 
between pairs of muscles. 

We have considered the possibility of contamination of the di- 
gest by particles of alkali flaking off from the filter paper. To 
check this point a number of blanks were run with and without 
KOH on the filter paper. Analysis of the sulfuric acid in the 
bottle for potassium by the chloroplatinate method showed no 
potassium in either series. 
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SUMMARY 


A method is described which permits the estimation of water, 
chloride, and total base on the same tissue. Digestion with H,SO, 
yields HC! which is collected as KCI and readily determined. No 
special apparatus is required. The error is +2 per cent. 
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ACETONE AND ACETOACETIC ACID STUDIES IN MAN* 


By ALFRED FE. KOEHLER, EMANUEL WINDSOR, anv ELSIE HILL 


(From the Santa Barbara Cottage Hospital and the Sansum Clinic, 
Santa Barbara) 


(Received for publication, March 19, 1941) 


That an inadequate combustion of carbohydrate is fundamen- 
tally responsible for the phenomenon of ketosis is generally ac- 
cepted. But whether carbohydrate inhibits ketosis by increasing 
utilization of preformed ketone substances (ketolysis) or by de- 
creasing their formation (antiketogenesis) is still an open question 
in spite of considerable study. Regarding the utilization of ke- 
tone substances, adequate evidence exists that acetoacetic and 
8-hydroxybutyric acids can be burned by the intact organism, 
perfused organs, or isolated tissue. On the other hand, such utili- 
zation has not been established for acetone. Relatively little is 
known about the pharmacological action of these substances, in- 
asmuch as their experimental production or clinical occurrence is 
invariably associated with gross metabolic disturbances. 

In the studies of Valdiguie (1) injection of acetone in physio- 
logical saline solution in dogs produced, upon analysis of various 
organs and tissues, a marked rise of 8-hydroxybutyric acid. This 
increase was greatest in the liver and least in the blood. Hahn 
(2) showed that after the administration of acetone most of it was 
excreted through the lungs and only a small fraction in the urine. 
The fact that the respired air was not acetone-free until 24 hours 
later would indicate slow utilization. Rothkopf (3) showed that 
in normal subjects 24 per cent of 1 gm. of administered acetone 
was excreted through the respiratory tract. Caccuri (4) reported 
that intravenous administration of acetone to rabbits caused a 
marked increase for several hours of blood acetone, acetoacetic 


*A preliminary report was read before the meeting of the American 
Society of Biological Chemists at New Orleans, March, 1940. 
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acid, and especially 8-hydroxybutyric acid. A concomitant rise 
in blood sugar was also found. 

The knowledge of acetoacetic acid metabolism is more complete 
but not without contradictions. Reviews of the findings and con- 
clusions are well summarized in recent literature (5-8). Deuel 
et al. (9) present evidence based on excretion studies after adminis. 
tration of sodium acetoacetate that would warrant assumption of 
the ketolytiec action of carbohydrate metabolism except for the 
fact that difficulties are encountered in ruling out endogenous 
changes. Chaikoff and Soskin (10) found that neither glucose nor 
insulin affected the rate of disappearance of administered sodium 
acetoacetate from the blood of the nephrectomized dog. In the 
depancreatized animal insulin did materially increase this rate 
but they believed this to be only due to the suppression by insulin 
of the endogenously produced ketosis, for it did not occur when the 
animal was eviscerated. Dye and Chidsey (11) also found that 
injected glucose did not increase the rate of disappearance of ad- 
ministered sodium acetoacetate from the blood of nephrectomized 
animals. 

Friedemann (7) gave sodium acetoacetate intravenously at a 
constant rate to dogs for 6 to 8 hours and found little or no effect 
from fasting, insulin, or pancreatectomy. However, in the sum- 
mary of experiments only one depancreatized dog was reported 
and the conclusions were based on urinary ketone excretion alone. 
The significance of urinary excretion can be questioned especially 
in these experiments, because the animals were described as anuric 
except for the diuretic effect of the injected salts. These animals 
apparently were in a state of shock, because artificial heat had 
to be applied to maintain body temperature and their blood was 
described as “viscous and dark.’’ The lack of effect of insulin 
and pancreatectomy on ketone metabolism of tissue is summarized 
by Stadie et al. (5). 

In our approach to this problem we felt certain advantages 
could be obtained by intravenous injections at a constant rate of 
ketone substances into diabetic and non-diabetic human subjects 
with and without insulin or glucose. These studies can be made 
without narcosis or operative procedure, under basal conditions, 
and with a minimal disturbance of the general metabolism. Fur- 
thermore, human subjects are more sensitive to ketogenic factors 
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than the dogs (7) or rats usually used for these investigations, since 
the latter apparently have a very high comparative tolerance. 


Methods 


In preliminary investigations it was learned by giving at first 
small and then increasing amounts that neutral acetoacetate and 
acetone in saline could be safely administered in effective amounts 
for blood, urinary, and respiratory studies without any discomfort 
to the subject. 10 gm. of acetone in 200 ce. of saline or 10 gm. 
of acetoacetic acid as the neutral sodium salt in water were in- 
jected for a period of 2 hours by means of an electrically driven, 
constant rate pump devised by one of us (12). The volume of 
fluid injected was sufficiently small to prevent any appreciable 
disturbance in hemoconcentration. The tests were all started in 
the morning under fasting conditions and rest in bed. 

Acetone, acetoacetic acid, and 8-hydroxybutyric acid were de- 
termined in blood and urine according to the method of Behre and 
Benedict (13) and Behre (14). The colorimetric determinations 
were made by means of a photoelectric colorimeter which added 
greatly to the convenience and accuracy of the readings. To mini- 
mize the spontaneous breakdown of acetoacetic acid to acetone, 
the blood was precipitated and the filtrate aerated as quickly as 
possible. To determine acetoacetic acid, the aeration procedure 
of Folin (15) was modified so as to be carried out in a partial 
vacuum at a pressure of 20 mm. of Hg. Aeration at atmospheric 
pressure was less satisfactory, because there was an appreciable 
breakdown of the acetoacetic acid in the longer time required. 

For the determination of 8-hydroxybutyric acid, sugar and other 
color-producing substances were removed from urine by the cop- 
per-lime method of Van Slyke (16). 

Acetone in the expired air was determined by its absorption 
in alkaline iodine solution according to the method of Folin 
(15). Blood sugar was determined by the Shaffer-Hartmann 
method (17). 


Results 


Expired Acetone —During and after a 2 hour period of injection 
of acetone the air in the room acquired a distinct odor similar to 
that found in diabetic ketosis. The sweet or fruity odor of dia- 
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betic coma was, however, absent. The question naturally arose 
as to how much of the injected acetone was lost through the ex- 
pired air, since it had been reported (2) that as much as 24 per 
cent of the total administered could be thus lost. Table I shows 
the amounts of acetone expired at the end of the injections and 
2 hours later in one normal and five diabetic patients. Actually 
the exhaled air was analyzed for acetone for 10 minute periods 
only, but calculated on an hourly basis. Evidently only a small 
amount of acetone was lost through the respiratory tract. An 
average for the six subjects of only 22.3 mg. of acetone per hour 
was found at the end of the injection and 11.3 mg. per hour 2 


TABLE I 


Acetone in Expired Air after Injection of 10 Gm. Intravenously over 
a Period of 2 Hours 


End of 2 hrs, 
Subject later 
| 
mg. per hr. mq. per hr, 
Normal 32.4 12.8 
M. C. Mild controlled diabetes 13.2 7a 
C. M. Severe controlled diabetes | 17.4 10.2 
H. 8. Mild uneontrolled - 27.4 12.6 
JK. 18.6 11.4 
A. H. Severe partially controlled diabetes 24.6 | 13.2 
Average 22.3 11.3 


hours later. Even if the estimated loss for the next 10 hours had 
continued at the same rate, the amount (113 mg.) would not have 
been appreciable compared to the 10 gm. injected. Consequently 
in view of the amount given and the slow injection we believe that 
the respiratory loss is not significant from the standpoint of the 
total balance. 

Acetone. Blood Values —Fig. | shows the average results of 
changes in blood acetone, acetoacetic acid, and 8-hydroxybutyric 
acid in twelve normal subjects during and after a 2 hour injection 
of acetone. The striking feature of the blood acetone is its in- 
appreciable drop for 4 hours after the injection was ended. A 
significant rise of acetoacetic acid occurs and this rise is also main- 
tained, while 6-hydroxybutyric acid values are not affected. The 
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rise in 8-hydroxybutyric acid reported in dogs (4) after acetone 
injection may be explained by the relatively larger amounts given 
and the more rapid injection. 


c 


° 1 2 3 4 5 6 
Hours 


Fig. 1. Average results of changes in blood ketones in twelve normal 
subjects during and after a 2 hour injection of acetone. 
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Fic. 2. Fate of injected acetone, acetoacetic acid, pyruvie acid, and 
lactic acid in blood. 10 gm. of each were injected during 2 hours. 


In Fig. 2 the slow or inappreciable disappearance of acetone 
shown in Fig. | is compared with the behavior of three other in- 
termediary metabolic products; namely, acetoacetic, pyruvic, and 
lactic acids injected in the same amounts and at the same rate. 
There was not a sufficient variation in the urinary excretion of 
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these substances substantially to alter the blood values. It is of 
interest to note the rapid disappearance of the carbohydrate in- 
termediary products, pyruvic and lactic acids, as compared with 
the much slower rates of the fat breakdown products, acetone and 
acetoacetic acid. 

Fig. 3 illustrates the insignificant effect on the blood acetone 
values during and after injection of 100 gm. of glucose administered 
simultaneously with the acetone to seven normal fasting subjects. 

In Fig. 4 the effect of acetone alone is compared with that of 
acetone plus insulin. 20 units of insulin were given } hour before 
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Fic. 3. Effect of a 2 hour injection of 100 gm. of glucose on blood acetone 
of normal fasting subjects. 


the injection was started, and 20 units were added to the acetone- 
saline solution directly and injected over a period of 2 hours. No 
appreciable influence of insulin on the blood acetone was noted 
in seven normal subjects. Since the glucose and insulin additions 
to the acetone were given to the same persons in whom acetone 
control injections had already been made, the comparisons are 
more valid than comparisons of values from different subjects 


would be. 
In Fig. 5 the blood acetone values of a group of non-diabetic 


subjects are compared with those of diabetic subjects during and 
after acetone injection. The latter group was only partially con- 
trolled, so that the blood ketone substances were just beginning 
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to be elevated. In this state the body was apparently burning qe 
the maximum of fat without undue ketone accumulation; that is, a 
suli 
b+ + + +— 
20 
16}++ +--++++++ 
12 +4 ++ 
10 HH + 
2 + +t + 
° i 
° 1 2 3 4 5 
Hours 


Fic. 4. Effeet of a 2 hour injection of acetone alone and acetone plus 
insulin on blood acetone of normal subjects. 
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Fic. 5. Blood acetone values of diabetie and non-diabetic subjects after 
a 2 hour acetone injection. 


it had exhausted its antiketogenic reserve. If the beginning ac- 
cumulation of ketones was due to impaired ketolysis, then the 
further addition of administered ketones should reflect such im- 
paired utilization. The average acetone curve for twelve such 
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diabetic subjects differs little from that of a group of nineteen non- 
diabetic persons. The average value for the diabetic subjects is 
somewhat higher at the end of injection than is the value for the 
non-diabetic subjects but this factor is offset by the more rapid 
drop of the curve. 


Tas_e II 

Average Extra Urinary Excretion of Ketone Substances by Nine 
Non-Diabelic Subjects for 6 Hour Period Following Beginning 
of Injection of 10 Gm. of Acetone 


Acetone | Acetoacetic) Total 


ketone 
| excreted acid oubstances 
mg. mg. mg. 
Acetone 90 23 113 
76 31 107 
iy + 100 gm. glucose intravenously . lili | 24 135 
ane 
+ 
TH+ 
444 
TT 
4 


4 5 6 


Fic. 6. Effeet of 2 hour injection of 10 gm. of acetoacetate on blood 
ketone values of six diabetic subjects with and without insulin. 


Table II shows the average urinary excretion of extra ketones 
during and after injection of 10 gm. of acetone for a 6 hour period. 
The fasting ketonuria values were subtracted from the total 6 hour 
excretion, so as to give the extra excretion due to the injection. 
No gross effects of insulin or glucose were noted. The blood values 
for Table II are given in Figs. 3 and 4. 


z 3 
Hours 


Koehler, Windsor, and Hill 819 


It is believed that these experiments lend no support to the 
hypothesis that the ability of the diabetic patient to destroy ace- 
tone is impaired during the early stages of ketosis. 
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Fic. 7. Total blood ketone and acetoacetic acid values of thirteen 
diabetic and three normal subjects after a 2 hour injection of 10 gm. of 


acetoacetate. 
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Fic. 8. Blood 8-hydroxybutyrie acid and acetone values of thirteen 
diabetic and three normal subjects after a 2 hour injection of 10 gm. of 
acetoacetate. The dashed curves are for non-diabetic subjects and the 
continuous curves for diabetic subjects. 
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Acetoacetic Acid. Blood Changes—The blood ketone values after 
the injection of 10 gm. of acetoacetic acid neutralized to pH 7.0 
with sodium hydroxide are shown in Figs. 6 to 8. Fig. 6 gives the 
comparative values for six fasting diabetic subjects bordering on 
ketosis, without insulin, and these same six subjects with suffi- 
cient insulin (average 30 units during fasting, 15 units } hour be- 
fore and 15 units in intravenous injection for 2 hours) to bring the 
fasting blood sugar to normal or somewhat subnormal (100 to 68 
mg. per 100 ce.). That an induced acetoacetic acid ketosis pro- 
duced a rise in all the blood ketone substances is readily apparent. 
Such a ketosis decreased rapidly during the 2 hours after cessation 
of injection but still persisted 4 hours later. The effect of insulin, 
however, on total ketone substances, 8-hydroxybutyric acid, ace- 


TABLE III 


Average Extra Urinary Excretion of Ketone Substances for 6 Hour 
Period Following Beginning of Injection of 10 Gm. of 
Acetoacelic Acid 


p-H ydroxy- Total 


mg. mg. mg. mg. 
Same diabetics with insulin........ 64 405 610 1079 


toacetic acid, and acetone values was less than the experimental 
error and can be assumed to be negligible. 

Figs. 7 and 8 show the blood ketone values in thirteen diabetic 
subjects with mild ketosis as compared with three normal persons 
after the injection of 10 gm, of acetoacetic acid over a period of 
2 hours at a constant rate. Fig. 7 shows that the induced changes 
in total ketone and acetoacetic acid values are practically the 
same in the two groups. Similarly, the values for 8-hydroxy- 
butyric acid and acetone as shown in Fig. 8 for these same groups 
did not differ significantly. 

Urine Changes —Table III shows that the urinary excretion of 
extra ketones over a 6 hour period after the injection of 10 gm. 
of acetoacetic acid did not differ greatly in non-diabetic persons 
and diabetic patients, either uncontrolled or partially or com- 
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pletely controlled. The blood values for this group are shown in 
Figs. 6, 7, and 8. 


DISCUSSION 


We believe that our data on the utilization of ketones in exoge- 
nous ketosis by injection at a constant rate in human subjects 
gives support neither to the hypothesis that in diabetic ketosis a 
state of impaired ketolysis exists nor to the belief that insulin 
enhances ketolysis. These findings support those of Chaikoff, 
Friedemann, Mirsky (18), Dye, and others working with animals. 
It is probable, however, that the relatively increased susceptibility 
of man to ketosis as compared with rats or dogs as well as the 
absence of anesthesia and surgical procedures makes the constant 
rate injection studies on human subjects recorded here less open 
to question. 

In regard to acetone the question of whether acetolysis is en- 
hanced by insulin or impaired by diabetes must be paired with one 
as to whether acetone destruction occurs in the body at all even 
under normal conditions. The slow or inappreciable decrease of 
acetone in the blood for 4 hours after cessation of its injection 
even in the normal person suggests very poor or negligible utiliza- 
tion. However, that acetone does disappear from the blood is 
shown by nearly normal values in 24 hours, but the loss through 
expired air (average of only 11.3 mg. per hour 2 hours after in- 
jection) and the urinary loss (average of 90 mg. for the 6 hours 
during and after injection) even if considered as continuing at 
their maximum could not account for the 10 gm. injected. This 
creates a paradoxical situation which might be explained by the 
assumption that acetone is destroyed but the maintenance of its 
high level in blood at first is due to some induced derangement of 
acetone metabolism such as increased production or impaired utili- 
zation. Some basis for such a view can be obtained from Figs. 
| and 2. Fig. 1 portrays the rise in blood acetoacetice acid after 
acetone injection, reaching a height of nearly 7 mg. per cent at the 
end of injection and then maintaining an elevation that parallels 
the sustained higher acetone values. This relationship would at 
first suggest a definite and continued formation of acetoacetic 
acid from acetone but Fig. 2 shows that blood acetoacetie acid 
after injection of 10 gm. of acetoacetic acid goes no higher than the 
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acetoacetic acid level after acetone injection and quickly drops off 
after cessation of injection, thus showing rapid utilization. Con- 
sequently, if all the 10 gm. of acetone injected were converted to 
acetoacetic acid, the disappearance of the latter should be at least 
as rapid as when the same amount of acetoacetic acid is injected. 
That this is not true indicates the association with the high blood 
acetone values of either an impairment of proper utilization of 
acetoacetic acid or an increase in its production. If the older view 
of ketogenesis is considered, 8-hydroxybutyric acid — acetoacetic 
acid — acetone, then the accumulation of acetone could readily 
cause an increase in acetoacetic acid formation. 

Our failure to obtain a rise in 8-hydroxybutyric acid during or 
after acetone injections as reported in animal experiments (4) is 
probably due to the relatively smaller amounts given by us. 

That the associated rises of 8-hydroxybutyric acid and acetone 
in acetoacetiec acid injection are uninfluenced by insulin is shown 
in Fig. 6. Furthermore, these changes in diabetes do not differ 
appreciably from those in normal persons (Fig. 8). Friedemann 
(7) had already found a similar relationship for 8-hydroxybutyric 
acid after acetoacetate injections in dogs. 

Our experiments showing the rapidity of disappearance of ace- 
toacetic acid and 8-hydroxybutyric acid from the blood stream 
support the findings already quoted in the literature (7, 10). How- 
ever, the rates of their disappearance are slow compared with those 
of pyruvic or lactic acids (Fig. 2). The ability of the body to 
burn acetone, acetoacetic acid, and 8-hydroxybutyric acid must 
be materially below 5 gm. per hour, for when acetone and aceto- 
acetic acid are given at this rate there is a marked accumulation 
in the blood stream and with acetoacetic acid there is an accumu- 
lation of 6-hydroxybutyric acid as well. Since, according to the 
Knoop 8 oxidation theory, 1 molecule of acetoacetic acid is formed 
from 1 molecule of fatty acid, 5 gm. of the former could represent 
13.8 gm. of oleic acid or approximately 15.3 gm. of fat per hour, 
368 gm. per 24 hours, or a maximum of 3300 calories. From an- 
other standpoint, calculating from Fig. 7 that it takes about 3} 
hours for the blood ketones to return to normal, calculated at 
maximum rate, after the administration of 10 gm. of acetoacetic 
acid and allowing 1.5 gm. excretion (Table III), one obtains a 
basal utilization rate of 8.5 gm. for 3} hours or 58 gm. for 24 hours. 
Calculated as oleic acid this would represent 160.5 gm. and as 
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glyceride approximately 183 gm. or 1650 calories. The average 
maintenance diet of the subjects studied was about 2200 calories 
per 24 hours. The tests were made, however, under basal condi- 
tions representing about 1300 calories for 24 hours. 

It is thus seen that based on these approximate calculations it 
is probable that the rate of utilization of acetoacetic acid is suffi- 
ciently rapid so that no ketosis would occur if no more than 1650 
calories of fat were burned but any additional fat combustion 
would result in accumulation of acetoacetic acid. 

If, however, the 8 oxidation theory is not accepted and the 
multiple alternate oxidation of fatty acid hypothesis (19, 6, 8) is 
considered, then 4 molecules of ketones could be formed from a 
16 carbon chain fatty acid. Thus the weight ratio of 1 molecule 
of palmitic acid to 4 of ketone would be 256:416 or 1:1.62. The 
58 gm. of acetoacetic acid burned in the above assumption from 
our values would represent on this basis 35.2 gm. of fatty acid or 
39.2 gm. of glyceride or 353 calories for 24 hours. This obviously 
is far below the ordinary level of fat combustion and this theory 
would not permit the hypothesis that the ketones represent the 
only route of fatty acid degradation. Consequently the multiple 
alternate oxidation hypothesis of fatty acid oxidation in the liver 
can be reconciled with our data only if the assumption is made 
that a considerable part of fat metabolism must represent direct 
utilization in the muscle. 

Since impaired ketolysis can, from other investigations and ours, 
largely be discounted as a cause of ketosis, it must be assumed 
that increased ketogenesis is primarily responsible for the accumu- 
lation of these metabolites. The question then presents itself as 
to whether the ketones accumulate because they are abnormal 
substances formed owing to faulty metabolism or whether they 
are normal intermediary substances produced in such excessive 
amounts owing to greatly increased fat metabolism. We believe 
that the latter is the case, although conclusive proof is lacking. 
This view would completely eliminate carbohydrates as a factor 
in ketosis except in so far as they may spare fat and protein me- 
tabolism. 

Symptoms of Induced Ketosis——Schneider and Droller (20) have 
compared the results produced by hydrochloric acid injection in 
rabbits with those produced by acetoacetate and concluded that 
the intoxication effects or coma was due to the specific effect of 
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the acetoacetate ion and not due to the acidosis. In our studies 
of acetoacetic acid injections no symptoms were ever observed, 
probably owing to the fact that a sufficient amount was not given, 
With acetone, however, a slight drop in blood pressure, both sys- 
tolic and diastolic, and a slight transient drowsiness were fre- 
quently observed. The anesthetic action of acetone is of course 
well known. 

Effect of Ketosis on Blood Sugar—The relative refractiveness of 
the blood sugar to insulin during diabetic ketosis is commonly 
observed. Caccuri (4) has reported an increase in the blood sugar 
of rabbits after the intravenous injection of ketones. Sugar was 
determined on all our blood specimens analyzed for ketones after 
the injection of both acetone and acetoacetic acid and at no time 
was any change in blood sugar values observed beyond the normal 
range of variation. 


SUMMARY 


Acetone and acetoacetic, lactic, and pyruvic acids can safely 
be injected at the rate of 5 gm. per hour for 2 hours in human 
subjects without any symptomatic effects except in the case of 
acetone with which a slight drowsiness may be obtained. 

*If the maximum increase of the injected metabolites in the 
blood is taken as being inversely proportional to their utilization, 
the approximate values are as follows: lactic acid 1, pyruvic acid 
3, acetoacetic acid 18, and acetone 30. 

The injection of acetone results in a marked rise in blood ace- 
tone, and this rise is maintained for a considerable time after the 
cessation of injection. With the rise in blood acetone there is a 
concomitant rise of acetoacetic acid but with the amount of ace- 
tone we injected no rise in 8-hydroxybutyric acid was noted. 

Glucose or insulin injections with acetone had no appreciable 
effect on the increase of acetone or acetoacetic acid during injec- 
tion nor any effect on the rate of decrease in the blood after ces- 
sation of injection. This lack of effect of increased carbohydrate 
metabolism was also true in regard to the urinary excretion of 
these ketones. 

Acetoacetic acid injection was associated with a rise of this 
substance in the blood but acetone and 8-hydroxybutyric acid 
increased as well. The control of diabetes with insulin did not 
appreciably alter the blood ketone values after acetoacetate in- 
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jections from the values obtained when these same subjects were 
uncontrolled and in a state of mild ketosis. The increase in ace- 
tone and 8-hydroxybutyric acid after acetoacetate injections ap- 
peared not to be influenced by the control of endogenous ketosis 
in diabetes with insulin. 

The injection of acetone or acetoacetic acid did not appreciably 
affect the fasting blood sugar. 

The rate of acetone breakdown as judged from blood levels and 
urinary excretion appeared so slow that any large part of normal 
fatty acid metabolism could not conceivably pass through the 
acetone stage. On the other hand acetoacetic acid breakdown 
appears sufficiently rapid for a normal fatty acid route if the 8 
oxidation theory is held valid but only for the multiple alternate 
oxidation theory of fatty acids if the assumption is made that the 
greater part of fat metabolism proceeds directly in the muscle. 

We believe that our experiments give further and conclusive 
evidence that carbohydrate metabolism has no ketolytic effect, 
and that its effect on ketosis is purely antiketogenic. 


BIBLIOGRAPHY 

1. Valdiguie, P., Compt. rend. Soc. biol., 118, 858 (1935). 

2. Hahn, E., Beitr. Klin. Tuberk., 87, 1 (1935). 

3. Rothkopf, H., Z. ges. erp. Med., 99, 464 (1936). 

4. Caccuri, 8., Biochim. e terap. sper., 24, 168 (1937). 

5. Stadie, W. C., Zapp, J. A., Jr., and Lukens, F. D. W., J. Biol. Chem., 
132, 423 (1940). 

6. Jouett, M., and Quastel, J. H., Biochem. J., 29, 2143 (1935). 

7. Friedemann, T. F., J. Biol. Chem., 116, 133 (1936). 

8. Blixenkrone-Méller, N., Z. physiol. Chem., 262, 169 (1938). 

9. Deuel, H. J., Jr., Hallman, L. F., and Murray, 8., J. Biol. Chem., 124, 
385 (1938). 

10. Chaikoff, I. L., and Soskin, S., Am. J. Physiol., 87, 58 (1928-29). 

Il. Dye, J. A., and Chidsey, J. L., Am. J. Physiol., 128, 57 (1938). 


12. Koehler, A. E., J. Lab. and Clin. Med., 26, 383 (1940). 

13. Behre, J. A., and Benedict, S. R., J. Biol. Chem., 70, 487 (1926). 

14. Behre, J. A., J. Biol. Chem., 186, 25 (1940). 

15. Folin, O., J. Biol. Chem., 3, 177 (1907). 

16. Van Slyke, D. D., J. Biol. Chem., 32, 455 (1917). 

17. Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 46, 365 (1920-21). 

18. Mirsky, I. A., Nelson, N., and Grayman, I., J. Biol. Chem., 180, 179 
(1939). 

19. Hurtley, W. H., Quart. J. Med., 9, 301 (1916). 

20. Schneider, R., and Droller, H., Quart. J. Exp. Physiol., 28, 323 (1938). 


q 
q 
| 
q 
4 
4 
q 
| 
q 
q 
q 
a 


THE METABOLISM OF /- AND dl-a-HYDROXY-s-BENZYL- 
THIOPROPIONIC AND dl-a-HYDROXY-7-BENZYL- 
THIOBUTYRIC ACIDS IN THE RAT* 


By JAKOB A. STEKOL 
(From the Department of Chemistry, Fordham University, New York) 


(Received for publication, June 11, 1941) 


Westerman and Rose (1) have shown that the hydroxy acid 
corresponding to cystine cannot support the growth of rats in lieu 
of L-cystine. Study of the distribution of sulfur in the urine 
following the ingestion of this hydroxy acid by the rabbit indicated 
incomplete oxidation of the sulfur, some of which appeared in 
the urine in the neutral sulfur fraction. The results were inter- 
preted as indicating that the hydroxy acid corresponding to cystine 
cannot be converted by the organism of the rabbit into the cor- 
responding amino acid, cystine. 

It appeared of interest to test the possibility of formation of an 
amino acid from a corresponding hydroxy acid derivative directly. 
We prepared S-benzyl derivatives of the hydroxy acids correspond- 
ing to cysteine and homocysteine and fed them to rats. If the 
corresponding amino acids areeformed in vivo from these hydroxy 
acids, the acetyl derivatives of S-benzyl-l-cysteine and S-benzyl-l- 
homocysteine would be excreted in the urine. We have shown that 
the S-benzyl derivatives of cysteine and homocysteine are 
acetylated in the rat (2). 


EXPERIMENTAL 


a-H ydroxy-B-Benzylthiopropionic Acid—5.0 gm. of S-benzyl-l- 
cysteine were dissolved in 65 ec. of 1 N H,SO, and treated with 
an aqueous solution of 5.4 gm. of Ba( NOs). added dropwise with 
constant stirring. After all of the nitrite had been added, the 
mixture was allowed to stand at room temperature until the 


* This report was presented before the American Society of Biological 
Chemists at Chicago, April 18, 1941. 
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evolution of gas had ceased. BaSO, was removed by filtration and 
the filtrate was extracted with several portions of ether. The 
extract was evaporated to dryness and the oily residue was dissolved 
in hot water and cooled. The precipitated oil was purified by 
reprecipitation several times from dilute ethanol. The oil solidi- 
fied at around 4° to a waxy mass without the formation of micro- 
scopic crystals. The substance had the following composition. 


H 8 
56.60 5.66 15.09 


2.0 per cent of the substance in 95 per cent ethanol had a specific 
rotation of [a]** = —56.2°. 

By a similar procedure dl-a-hydroxy-8-benzylthiopropionic acid 
was prepared from dl-S-benzyleysteine. The substance had no 
optical activity in 2.0 per cent solution in 95 per cent ethanol. 

a-Hydrory-y-Benzylthiobutyric Acid—In the course of prepara- 
tion of S-benzyl-di-homocysteine, which can be prepared either by 
benzylation of di-homocysteine or, more conveniently, syn- 
thetically (3), we found that dl-methionine can be demethylated 
with metallic sodium in liquid ammonia to homocysteine. As 
far as we are aware, the alkaline reduction of methionine to homo- 
cysteine has not been previously reported. The procedure is 
merely the reverse of that used by du Vigneaud and Patterson (3) 
in the preparation of methionine from homocysteine. 2.0 gm. of 
dl-methionine were dissolved in 100 cc. of liquid ammonia and 
treated with small pieces of metallic sodium added with constant 
shaking until the blue color of the excess sodium persisted for 2 
or 3 minutes. When the theoretical amount of sodium necessary 
to remove the methyl group had been added, the blue color was 
invariably discharged after 2 to 3 minutes, and this, as we shall 
report later, was found to be due to the fact that the reaction did 
not stop at this point in the presence of excess sodium. A slight 
excess (1.6 cc.) of benzyl chloride was added dropwise to the 
solution, the ammonia was allowed to evaporate, and the flask 
was then evacuated to remove as much ammonia as possible. The 
residue was dissolved in 100 ce. of water and extracted with ether. 
The aqueous layer was removed and rendered faintly acid to litmus 
by the addition of hydrochloric acid. The precipitated S-benzyl- 
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dl-homocysteine was purified by recrystallization from hot water. 
The substance had the following composition. 


Cc H N 8s M.p. 
58.65 6.91 6.19 13.89 240-250 
C,,H;s0.NS. Caleulated..... 58.70 6.71 6.23 14.20 240-250 


2.0 gm. of S-benzyl-dl-homocysteine were dissolved in 35 ce. of 
1 x H,SO, and treated with an aqueous solution of 2.1 gm. of 
Ba(NOz)2 added dropwise with constant stirring. The rest of the 
procedure was the same as that described for the preparation of 
a-hydroxy-8-benzylthiopropionic acid. The product was a pale 
yellow oil which solidified without formation of erystals at 4°, 
and had the following composition. 


Cc H 
Calculated.............. 58.41 6.19 14.16 


2 per cent of the substance in 95 per cent ethanol exhibited no 
optical activity. 

S-Benzyl-N-Dibenzyl-dl-H omocysteine from dl-M ethionine—As we 
stated above, the blue color of the liquid ammonia and me- 
thionine did not persist for more than 2 or 3 minutes when the 
theoretical amounts of metallic sodium necessary for demethyla- 
tion of methionine were added. We thought, therefore, that 
further substitutions by sodium in the molecule of methionine ap- 
parently take place. It has been shown by du Vigneaud and 
Behrens (4) that the benzyl radical can be introduced into the 
amino group of histidine, but these workers stated that they 
“had never had any intimation of benzylation or methylation of 
the a-amino group in the preparation of benzylthiol and methyl- 
thiol derivatives of amino acids by the addition of benzyl chloride 
...to the sodium salts of the sulfhydryl amino acids in liquid 
ammonia.”” The procedure described below demonstrates that 
two benzyl radicals can be introduced into the amino group of 
homocysteine. 

5.0 gm. of di-methionine were dissolved in 130 cc. of liquid am- 
monia and treated with metallic sodium until the blue color per- 
sisted for at least 10 minutes. About 3.0 gm. of sodium were 
required. About 12 cc. of benzyl chloride were added dropwise to 
the solution, the ammonia was allowed to evaporate, and the flask 
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was evacuated to remove traces of ammonia. The residue was 
dissolved in 150 cc. of water and the solution filtered. It was then 
extracted with ether and neutralized with HCl. The precipitate 
was removed by filtration, washed with cold water, and recrystal- 
lized from 2 liters of boiling water. The substance was practically 
insoluble in cold water. It had the following composition. 


Cc H N 
CysHyNOS. Caleulated......... 74.07 6.66 3.46 7.90 


The substance softened and began to darken at 165-170° and 
melted, with decomposition, at 180-185°. It had no definite 
crystalline form. 

The possibility of introducing methyl groups into the amino 
groups of sulfhydryl amino acids is being investigated at present. 

Feeding Experiments —Two groups of adult albino male rats, 
of 250 gm. average weight, were used. The animals had not 
previously been experimented upon. One group of rats was fed 
0.3 per cent of a-hydroxy-8-benzylthiopropionic acid or the cor- 
responding dl derivative mixed with a complete 18 per cent casein 
diet, and the urine was collected each 3rd day over a period of 9 
days. 0.3 per cent of a-hydroxy-y-benzylthiobutyric acid was 
similarly fed to the other group of rats. 

The unchanged acids were isolated from the urine by the follow- 
ing procedure. The urine was acidified strongly to Congo red paper 
with HCl, and extracted exhaustively with ether. The extract 
was evaporated to dryness. The residue was washed with cold 
water, then recrystallized several times from hot water, then 
from dilute ethanol. The yields of the unchanged acids which 
were isolated from the urine of rats were from 60 to 70 per cent of 
the amounts fed. The feedings were repeated three times with 
similar results. No acetylated derivatives of the corresponding 
amino acid derivatives were encountered, although these acetylated 
acids would have been extracted with ether had they been present 
in the urine of our rats. On neutralization of the ether-extracted 
urines and reduction of the volume by distillation in vacuo at 38°, 
nothing could be recovered. We are satisfied that the urine was 
free of unacetylated S-benzyl derivatives of cysteine or homo- 
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cysteine. The analysis of the isolated unchanged hydroxy acids 
is shown below. 
Cc H lel} 
l-a-Hydroxy-8-benzylthiopropionic acid 56.53 5.67 14.86 —55 
dl-a- Hydroxy -8 - benzylthiopropionic ; 
dl - a - Hydroxy - y - benzylthiobutyric i 


DISCUSSION 
The data presented show that the a-hydroxy acids corresponding . | 
to S-benzyl derivatives of cysteine and homocysteine are neither i 
oxidized to the corresponding keto acids nor aminated to the q 
corresponding amino acids in the rat. This conclusion is, per- 
haps, in agreement with the data reported by Westerman and | 
Rose (1) regarding the failure of the a-hydroxy acid corresponding { 
to cystine to support growth in lieu of /-cystine. q 
Moss (5) reported the conversion of phenyllactic acid to tyrosine | | 
in the rat. The transformation proceeded probably via the i 
intermediate phenylpyruviec acid. Our data would appear to 
indicate that the oxidation in vive of the a-hydroxy group of an ) 
acid corresponding to an amino acid or its derivative is not a non- | 
specific, automatic process. | 


SUMMARY 

1. a-Hydroxy-8-benzylthiopropionic and a-hydroxy-y-benzyl- 
thiobutyric acids were fed to rats, and the acids were isolated from 
the urine unchanged. 

2. Methionine can be demethylated to homocysteine with ° 
metallic sodium in liquid ammonia. By means of excess sodium 
and benzyl chloride, N-dibenzyl-S-benzyl-dl-homocysteine was 
prepared from methionine directly. 


The author wishes to express his gratitude to Mr. J. Alicino for 
the microanalytical work. 
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STUDIES ON THE CONJUGATION OF STREPTOCOCCAL 
NUCLEOPROTEIN* 


By M. G. SEVAG anv J. SMOLENS 


(From the Department of Bacteriology, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Received for publication, May 22, 1941) 


Recent observations on conjugated proteins (1-6) raise the 
question as to whether the prevailing ideas concerning the nature 
of the attachment of nucleic acids with the proteins are valid. 
With certain exceptions it has generally been assumed that the 
nucleoproteins are salts of a polyvalent nucleic acid and a poly- 
valent base (protein) (7). 

The ideas that nucleoproteins are salt-like (polar), or dissociable 
combinations, are largely derived from results of experiments in 
which vigorous chemical methods have been used. In general 
the following methods have been employed: (a) extraction of 
cells and organs by a dilute alkaline solution, and the precipitation 
of the nucleoproteins with acid (8); (b) treatment of the starting 
material with acetone, or alcohol and ether; the dry material then 
extracted with water, saline, buffer, or alkali, and the nucleoprotein 
precipitated with acid (9, 10); (c) extraction of the acetone- and 
ether-dried material with 10 per cent saline at 70-80° for several 
' days and the nucleoprotein precipitated with acid (11). 

The idea of “salt-like’’ combination has received further em- 
phasis from the fact that the nucleoproteins prepared as above, 
and the artificial ‘‘nucleoproteins”’ (protein nucleates) precipitated 
from a mixture of nucleic acids and proteins, at times have com- 
parable analytical results and show similar properties (7, 12, 13). 
This misconception is easily explainable if we consider that many 
so called nucleoprotein preparations are protein nucleates, or are 
mixtures of nucleic acids and proteins due to the splitting of the 


* This work has been supported by a grant from the Commonwealth 
Fund. 
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original native nucleoproteins. These protein nucleates prob- 
ably are not identical with the nucleoproteins as they exist in the 
cell, or as they are isolated without the use of hydrolyzing agents 
or methods. 

In this communication the term “nucleoprotein” is defined as a 
compound in which the protein and nucleic acid are combined by 
“non-polar” linkages, and in an electrophoretic cell both the 
prosthetic group and the protein components of this compound 
migrate as a single molecular entity to the same electrical pole. 

“Protein nucleate” is defined as a compound in which the protein 
and nucleic acid are combined by linkages of the polar type, and 
in an electrophoretic cell the prosthetic group and the protein 
components of this compound migrate separately in the same 
manner as salts. 

In a previous communication (14) the preparation of natural 
streptococcal nucleoprotein extracts was described, with the 
sonic method of Chambers and Flosdorf (15) for disintegrating the 
organisms. The nucleoproteins from these extracts were precipi- 
tated with 0.1 N HCl, and the acid precipitate was washed with 
alcohol, without realization that HCl treatment was causing deep 
seated changes in the nucleoprotein. 

It seemed therefore of theoretical interest to compare such prepa- 
rations with nucleoproteins which have not been exposed to the 
effect of alkali and acid. This comparison was made by deter- 
mining the state of nucleic acid in (a) artificial protein nucleates, 
(b) acid-precipitated nucleoproteins, and (c) natural nucleo- 
proteins. These studies were made by four independent means: 
(1) the chloroform method, (2) ammonium sulfate fractionation, 
(3) the CaCl, test, and (4) electrophoresis. 


State of Nucleic Acid in Artificial Protein Nucleates 


Experiments with Chloroform Method—175 mg. of the protein 
component (free from nucleic acid) of the streptococcal nucleo- 
protein (Strain 1048M) (14) were dissolved in 25 ec. of distilled 
water and adjusted to pH 6.25. 100 mg. of nucleic acid isolated 
from the same nucleoprotein were dissolved in 25 ec. of water and 
adjusted to pH 3.9. When the two were mixed, a precipitate was 
formed. The supernatant of the centrifuged reaction mixture had 
a pH of 4.5. The precipitate after being washed with alcohol and 
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ether had a phosphorus content of 0.88 per cent (determined by 
the method of King (16)). In another experiment the neutral 
solutions of the protein and nucleic acid were mixed and the 
solution was adjusted gradually to pH 5.0 to obtain a precipitate 
which contained 1.0 per cent phosphorus. 

The above two artificial protein nucleates were combined and 
dissolved in water. One-half of the solution was adjusted to pH 
7.0, and the other to pH 5.5. The protein recovered with chloro- 
form (14) from the solution at pH 7.0 contained 0.29 per cent 
phosphorus, and the protein from the solution at pH 5.5 contained 
0.39 per cent phosphorus. 

Another artificial protein nucleate was obtained by mixing solu- 
tions of crystalline horse serum albumin (150 mg.) and strepto- 
coccal nucleic acid (50 mg.) and adjusting the solution to pH 5.3. 
After being washed with alcohol and ether, the dry material con- 
tained 1.95 per cent phosphorus. This preparation was dissolved 
in water and the protein recovered with chloroform from the 
solution at pH 7.1 contained 0.24 per cent phosphorus. 

Experiments with (NH,4)2SO,—10 ec. of solution containing 300 
mg. of yeast nucleic acid were added to 50 ce. of normal horse 
serum. This solution was then divided into two equal portions 
and respectively adjusted to pH 7.0 and pH 5.5. Saturated am- 
monium sulfate solution at pH 7.2 was added to the supernatants 
up to 66 per cent saturation. There was no detectable phosphorus 
found in the precipitates. 

Experiments with CaCl,—This test consisted of adding 0.5 ce. 
of 50 per cent neutralized CaCl, solution to 10 ec. of solution 
(pH 7.4) to be tested. The mixture was then adjusted to pH 7.4. 
When artificial protein nucleates were tested in this manner, pre- 
cipitates usually were formed immediately. The phosphorus 
content of the precipitates was much higher than in the original 
protein nucleates (Table IT). 


State of Nucleic Acid in Acid-Precipitated Nucleoprotein 


Experiments with Chloroform Method—30 to 40 mg. of nucleo- 
protein preparation from four different strains of streptococci, 
obtained as described previously ((14) p. 426) were dissolved in 
20 cc. of distilled water, adjusted to various pH values, and the 
proteins from these solutions were recovered with chloroform. 
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State of Nucleic Acid in Acid-Precipitated Streptococcal Nucleoproteins 


Protein recovered Fractionation with 66 per 
with chloroform | cent (NH4)280. saturation 


| | fare | protein |, | 
in gel* aci 
(1) (2) | | | @ (8) (9) | (10) 
| a cent cent | cent |P@ cent) percent per cent! per cent 
1 | 1850M (2.7 | 8.4 | 0.46 | 8 | 
| 2.7 | 7.2 | 0.56) | 7 | 0.21 | 8.3 | 92.2 
2.7 | 5.1 | 1.65 
2 | 1896M 2.1 | 7.4 | 0.36 83 | | 
| 2.1 | 7.2 | (0.25 | 8.5 | 88.0 
2.1 | 5.4 | 1.34 | | | 
3 | 1048M 1.6 | 7.4 | 1.16 27 | 
4 | 1048M 2.0 | 7.2 | 0.54) 0.29) 8 | 0.36 | 82.0 
‘ 2.0 | 6.1 | 0.74 | 
5 1685M 2.8 | 7.3 | 1.17 58 
6 | 1685M (7.2) 0.41 0.1) 98 0.2% 7.3) 814 
| (14 | 5.5 | 0.88 | 
7 Artificial pro- | 1.00 | 7.0 0.29 71 | 
| tein nucle- 
| ates, Prepa- | | | 
ration A 
8 Preparation B | 7.1 | 0.24) 87 | 
9 | Mixture of 0.75 | 7.0 | “Slight Com- 
horse serum |  tracet. plete 
and nucleic 0.75 5.5 


acid 
A survey of Table I, Column 3, and Table II, Columns 1 to 4, shows that 
the percentage phosphorus in acid-precipitated nucleoproteins is higher 
than in the natural nucleoproteins obtained by the chloroform method or 
by ammonium sulfate fractionation. The natural nucleoproteins are 
completely soluble on the acid side of their isoelectric points in contrast to 
the acid-precipitated ‘‘nucleoproteins’’ and artificial protein nucleates. 
Since at these pH values the protein split from the nucleic acid is partially 
soluble, the nucleic acid content of the precipitated ‘‘nucleoproteins”’ 
varies with the degree of acidity used. The artificial protein nucleate pre- 
pared from crystalline horse serum albumin and streptococcal nucleic acid 
at pH 5.2 contained 1.95 per cent phosphorus. This preparation at pH 
4.0 contained 3.86 per cent phosphorus. 

* Estimated from the difference of percentage of phosphorus in the 
initial and recovered protein. 

+t These reacted against antipneumococcal horse serum in a dilution 
greater than 1:100,000. Known nucleic acids gave similar results (22). 

t Normal horse serum when precipitated with (NH,),SO, (under experi- 
mental conditions) gave a similar slight trace when tested for phosphorus. 
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Most of the results (Table I) were based on only one recovery 
with chloroform. This was to avoid possible splitting of the 
nucleoprotein which might occur from excessive manipulation. 
The recovered proteins obtained from chloroform gels were 
analyzed for phosphorus, so that the percentage of free nucleic acid 
present in the original nucleoprotein preparations (Table I) 
might be computed. 


TABLE II 


State of Nucleic Acid in Natural Nucleoproteins Present in Neutral Sonic 
Extracts: 


| Nucleoproteins from sonic extracts 


| | 
P in Ist P in 2nd SO, ppt. 
recovery recovery 
| (2) (3) oe...) (6) 
| percent | percent per cent 
1 108M | 5.5-6.0 0.58 | 0.58 
2 1048M 5.56.0 0.88 | 0.7% | 
3 148M 556.0 | O81 | 0.70 | 
4 108M 5.5-6.0 1.28 1.50 | 
5 1048M 7.3 | 1.08 | 1.10 
6 1048M 7.0-7.2 | 0.58 
7 1048M | 7.0-7.2 | | 0.85 
8 1048M 0.97 
9 1048M 7.1 0.82 
10 168M 7.1 1.20 
1 1685M 7.2 1.80 1.77 
2 1685M 5.5-6.0- | 2.12 2.20 


*No precipitation took place at any y of the above pH values § previous to 
the shaking with chloroform. 


When experiments on acid-precipitated nucleoproteins were 
carried out with the CHCl; method at a lower pH, free nucleic acid 
was carried down with the gel (Table I, Column 5). At neutrality 
a minimal amount of free nucleic acid was carried down with 
the gel. 

In obtaining the protein from the chloroform gel it is important 
to note that the gel is treated with alcohol to precipitate the protein 
and the alcohol is removed from the precipitate by washing with 
ether. The precipitate should not be allowed to go to dryness, as 


| 
4 
| 
1 
a 
] 
q 
| 
| 
i 
{ 
4 
4 


838 Streptococcal Nucleoprotein 


drying of the ether-wet protein renders it sparingly soluble. The 
ether-wet protein should be suspended in saline or water and 
brought into solution by adding 0.1 N alkali drop by drop in the 
presence of an indicator. The streptococcal nucleoproteins were 
obtained in this manner in a relatively soluble dry form by drying 
from the frozen state (17). 


Taste III 


Reactivily of CaCl, with Nucleic Acid, Artificial Protein Nucleates, and 
Acid-Precipitated and Natural Nucleoproteins 


| 
No. | coccus phorus! acid* with | ppts. 
CaCl | 
| lper per cent | per cent 
1 | 1048M_ Sonic extractt 2.60 | None 7.2 | No ppt. 
3 1048M | CHCI, nucleoprotein “ | 76 
5 1048M_| (NH,).SO, nucleopro- | 7.4 
| tein | 
6 1048M_ “8 11.19) “ | 657.6 
7 1048M 0.97 « | 
8 | 1048M | HCI nucleoprotein 1.57; 2 | 7.2 2.20 
1685M | CHCl, nucleoprotein 1.16 | None 7.1 No ppt 
2 | 1685M HCl nucleoprotein 2.80, 58 | 7.2 6.10 
1 1896 <i =a 2.12 83 7.4 5.70 
1850 2.27 75 7.3 3.9 
Artificial protein nucle- 1.95 87 7.4 6.28 
ate 
7.6 9.25 


1 1048M_ Nucleic acid 9.35 100 


* Computed as in Table I, Column 7. 

t Sonic extract filtered through Seitz filter, dialyzed against running 
distilled water, and dried from the frozen state. The material thus ob- 
tained contained 2.6 per cent phosphorus. 


Experiments with (NH,)»SO,—As shown above, nucleic acid in 
artificial protein nucleate was not precipitated by ammonium 
sulfate at pH 7.0 or 5.5. When this method is applied to any 
nucleoprotein preparation, it should be possible to determine 
the amount of free nucleic acid. (The results of such a study are 
given in Table I.) The ammonium sulfate supernatants from 
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the above experiments were shaken three times each with chloro- 
form to remove the residual protein. The protein-free solutions 
were dialyzed against running distilled water until they were free 
of sulfate ion. The solutions were then concentrated by placing 
them in cellophane tubes and directing a stream of air at the tubes 
by means of an electric fan (18). These solutions were analyzed 
for the presence of nucleic acid (see Table I). 

The fractionation of acid-precipitated nucleoproteins, with am- 
monium sulfate at neutrality, showed that 81.4 to 92.2 per cent 
of the nucleic acid was present in an uncombined form and not in 
non-polar combination with the protein. This free nucleic acid 
was found in the protein-free ammonium sulfate supernatant (see 
Table I, Columns 9 and 10). 

Experiments with CaCl,—0.2 per cent solutions of acid-precipi- 
tated nucleoproteins always readily formed precipitates with 
CaCl, at neutrality as well as in acid solution. These precipitates 
were washed with alcohol and ether, dried, and analyzed for phos- 
phorus (Table ITT). 


State of Nucleic Acid in Natural Nucleoprotein 


Natural Nucleoprotein Recovered from Sonic Extracts. Experi- 
ments with Chloroform Method —Results given in Table II show that 
nucleoproteins recovered from the chloroform gel as described 
above represent a “stable” (non-polar) combination between the 
protein and nucleic acid. 

Experiments with (NH,)2SO,—Results with (NH,4)eSO, fractiona- 
tion given in Table II are the same as those obtained with the use 
of the chloroform method. 

Experiments with CaCl,—Of the many streptococcal nucleo- 
proteins obtained from sonic extracts with 66 per cent ammonium 
sulfate saturation only two formed precipitates with CaCl, at 
pH 7.0 to 7.4. These precipitates, however, had the same phos- 
phorus content as the nucleoprotein. This occasional behavior 
of dried nucleoprotein preparations was probably due to some 
partial change in the protein, as only 35 to 45 per cent of the 
material was precipitated with CaClp. 

State of Nucleic Acid in Acid-Treated Natural Nucleoproteins. 
Experiments with Chloroform Method—The CHCl; gel recovered 
from a solution of acid-treated natural nucleoprotein at pH 7.2 
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contained less than 0.1 per cent phosphorus in comparison with 
the original phosphorus content of 0.5 per cent. Another prepara- 
tion, obtained with CHCl; from the sonic extract, originally con- 
tained 1.1 per cent phosphorus. This preparation was precipitated 
with HCl and the precipitate redissolved and shaken with CHC, 
at pH 7.2. The protein obtained from the CHCl, gel contained 
only 0.38 per cent phosphorus. 

Experiments with a neutral solution of an acid- 
treated natural nucleoprotein containing 1.2 per cent phosphorus 
was precipitated with (NH,)2SO,, the precipitate contained only 
0.44 per cent phosphorus. 

Experiments with CaCl,—In contrast to the naturally occurring 
nucleoproteins 0.2 per cent solutions of acid-precipitated nucleo- 
proteins readily formed precipitates with CaCl, at neutrality as 
well as in acid solution. These precipitates contained a higher 
percentage of phosphorus than the starting materials (Table ITI). 

The results show clearly that natural nucleoproteins precipitated 
with hydrochloric acid were at least partially split into their 
components. After acid-precipitation they behaved as artificially 
prepared protein nucleates. 


Electrophoretic Experiments 


Preparation and Properties of Natural Nucleoproteins Isolated 
from Sonic Extract—The material used for this experiment was 
the supernatant of an ultracentrifuged sonic filtrate (19). This 
supernatant was precipitated at neutrality with 2 volumes of 
saturated (NH,).SO, It was then centrifuged, the sediment 
dialyzed against running distilled water, and the dialyzed solution 
eryochem-dried (Preparation 1). 

This material contained 0.72 per cent phosphorus and 0.72 
per cent purine nitrogen, which showed that all of the phosphorus 
was nucleic acid phosphorus. It contained 13 per cent total nitro- 
gen. 15 mg. were tested for pentose with the orcinol reagent and 
gave a positive result. 15 mg. tested with diphenylamine reagent 
gave a negative desoxyribose test. 50 mg. were dissolved in 20 
cc. of distilled water, adjusted to pH 7.5, and treated with 1 ce. 
of 50 per cent neutral CaCl, solution. The pH of the mixture was 
7.0. It was adjusted to pH 7.4 and allowed to stand for 48 hours 
at room temperature. It remained clear at the end of this period. 


M. G. Sevag and J. Smolens 841 


These nucleoproteins, unlike the protein nucleates and acid- 
precipitated “nucleoproteins,”’ are completely soluble on the acid 
side of their isoelectric points. 

Preparation and Properties of Nucleoprotein Treated with Acid 
400 mg. of the above nucleoprotein dissolved in 100 ce. of water 
were precipitated with 0.1 N HCl at pH 3.5 and centrifuged. The 
sediment was dissolved in distilled water with the aid of a few 
drops of 0.1 N NaOH, and treated with an equal volume of 95 
per cent aleohol. Acid was added until precipitation occurred 
at pH 3.5. The sediment was dissolved in 50 ec. of water, dialyzed, 
and dried from the frozen state. The dry weight was 180 mg. 
(Preparation 2). 

This material contained 13.5 per cent total nitrogen and 0.66 per 
cent phosphorus. 30 mg. dissolved in 15 ce. of water were treated 
with 2 parts of saturated (NH,4)oSO, solution at pH 7.3. The pre- 
cipitate after dialysis and drying from the frozen state as above 
weighed 25 mg. and contained 0.28 percent phosphorus. 22 mg. dis- 
solved in 10 ec. of water and treated with CaCl as above gave a pre- 
cipitate immediately. The precipitate was washed with alcohol to 
remove the CaCl. This washed precipitate was washed again with 
ether and then dried. It weighed 9 mg. and contained 0.3 per cent 
phosphorus. It was obvious that the acid-treated nucleoprotein had 
undergone some change, since the (NH,4).SO, fraction was low in 
phosphorus and also the acid-treated nucleoprotein gave an im- 
mediate precipitate with CaCl. 

Results of Electrophoretic Experiments—1 per cent solutions of 
Preparations 1 and 2 were prepared in phosphate buffer of pH 7.0 
and 0.1 ionie strength. The solution of the natural nucleoprotein 
was a clear yellow-brown. The acid-treated material dissolved 
with difficulty, and required warming at 37° for a few hours, yield- 
ing a very opalescent solution. Both solutions were centrifuged 
and then dialyzed for 48 hours against the above phosphate buffer 
before the electrophoretic experiments. 

Natural Nucleoprotein— “Most of the material was a component 
(A) with a mobility of —8.08 cm.? volt~! see.—' on the descending 
side. It spread somewhat toward the anode side, indicating the 
presence of some faster component. Since there is no conspicuous, 
faster component to account for the high content of nucleic acid, 
the component is probably nucleoprotein. There was also a small 
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amount of a component (B) with a mobility of —5.8 em.* volt 
sec.—' on the descending side. This component did not completely 
separate from component A in 1} hours. There was a small 
amount of an immobile component, larger on the ascending anode 
side than on the descending side. It may represent the 6 and 
effect or some immobile polysaccharide (Fig. 1).” 

Natural Nucleoprotein. Acid-Treated—‘Most of the material 
was a component (A) with a mobility of —7.15 em.* volt~! see! 
on the descending side. It was heterogeneous in that it spread out 


Fig. 1. Electrophoretic pattern of natural nucleoprotein from Strepto- 
coccus pyogenes. Left, ascending pattern; right, descending pattern. 


Fic. 2. Electrophoretic pattern of acid-treated natural nucleoprotein 
from Streptococcus pyogenes. Left, ascending pattern; right, descending 
pattern. 
very much toward the anode side, but no definite component split 


away. However, an attempt was made to obtain a mobility of a 
faster component, and approximate readings would indicate a 
mobility in the neighborhood of —11.4 em.? volt~! see! on the 
descending side. Since there was no conspicuous, faster com- 
ponent to account for the high content of nucleic acid, the main 
component (A) is probably nucleoprotein. There was an ab- 
sence of more than a trace of a slightly slower component (prob- 
ably protein). There was a small amount of an immobile com- 
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ponent, more on the ascending than on the descending side; 
probably a 6 and ¢ effect, or an immobile polysaccharide. There 
was considerable similarity in the two curves, except that the acid- 
treated material appeared less homogeneous and did not show the 
presence of a small amount of the slower component, probably 
free protein (Fig. 2).” 

For the above electrophoretic experiments and their interpreta- 
tion we are greatly indebted to Dr. Florence Seibert of the Henry 
Phipps Institute. 

Electrophoretic experiments with natural nucleoprotein show 
that the phosphoric acid groups of the nucleic acid component are 
combined with the protein in a non-polar, or non-dissociable link- 
age. It is interesting to note, in this connection, that the mobility 
(8.08 X 10° em.? per volt per second) of this nucleoprotein is nearly 
identical with the mobility (at pH 8, 7.7 X 10~° em.? per volt per 
second) of the nucleic acid-free protein component of the nucleopro- 
tein ((14) p. 429). 


DISCUSSION 


The general opinion, as shown by the literature, seems to indi- 
cate that the linkage between the nucleic acid and protein in a 
nucleoprotein is “‘salt-like.”” However, Stanley states that the 
linkage is probably somewhat stronger than the usual salt bonds 
(20). Heidelberger and Kendall (9), commenting on the strepto- 
coccal nucleoprotein fractions they isolated, state that, “Interest- 
ing from the standpoint of nucleoprotein chemistry is the fact 
that the new protein is not merely a salt of nucleic acid, but 
contains the nucleic acid in chemical combination” (see also 
(21)). Our studies show that the protein and nucleic acid in strep- 
tococcal nucleoproteins are combined by “non-polar” linkages. 

The CaCl, test used in this Communication seems to be an ex- 
cellent method for showing changes that take place in nucleopro- 
teins. Both artificial protein nucleates and acid-treated nucleo- 
proteins give immediate precipitates with CaCl, unlike the reaction 
with natural nucleoprotein in which no precipitation takes place. 
The precipitates contain a higher phosphorus content than the 
original material. These data show that the phosphoric acid 
groups in natural nucleoproteins are tied up in such a manner that 
they are not available for a reaction with caletum. This also is 
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borne out by the electrophoretic experiments in which the mobility 
of the natural nucleoprotein and its protein component (free from 
nucleic acid) are approximately the same. 


SUMMARY 


The linkages in natural nucleoproteins of Streptococcus pyogenes 
have been shown to be non-polar rather than polar. 

Treatment with alkali, acid, or certain organic solvents causes 
splitting or weakening of the linkages of the natural nucleoproteins, 
The components of the streptococcal nucleoprotein as a result of 
these treatments are in dissociable combination. The protein and 
the nucleic acid in this state are easily separable. 

Natural nucleoproteins have been prepared from neutral sonic 
extracts of streptococci by both the chloroform method and am- 
monium sulfate fractionation in which no alkali or acid is used. 
These nucleoproteins do not dissociate into their components. 

Calcium chloride forms a precipitate with both the artificially 
prepared protein nucleate and the acid-precipitated nucleoprotein, 
but no precipitation occurs with the natural nucleoprotein. 


We are indebted to Dr. David B. Lackman of this laboratory for 
supplying the organisms used in these studies, to Dr. L. A. Cham- 
bers of the Johnson Foundation for Medical Physics for the sonic 
treatment of these cultures, to Mr. T. 8. Ambler for the drying 
from the frozen state. We also should like to acknowledge the 
helpful criticism and suggestions of Dr. E. W. Flosdorf. 
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THE FORMATION OF BETAINE FROM HYDROXYAMINO 
ACIDS ON METHYLATION 


By H. D. DAKIN 
(From Scarborough-on-H udson, New York) 


(Received for publication, July 7, 1941) 


About a year ago an interesting paper by Carter and Melville 
(1) described the synthesis of the betaines of serine, threonine, 
and allothreonine. It was discovered that the betaines of threo- 
nine and allothreonine (but not of serine) were unstable in alka- 
line solution, undergoing what these authors describe as a retro- 
grade aldol condensation with formation of ordinary betaine and 
acetaldehyde. This reaction is unusual and unexpected. 

The writer had been interested in the alkylation of hydroxy- 
amino acids for some time and the formation of betaine in varying 
quantities by the action of dimethyl sulfate in alkaline solution 
had been observed independently. The conditions of methylation 
and particularly the method of working up the products of the 
reaction were quite different from those employed by Carter 
and Melville and may possibly be of interest to others. The fol- 
lowing synthetic dl-a-amino-8-hydroxy acids all yield some be- 
taine when methylated under conditions described in the ex- 
perimental portion of this paper: serine, threonine, hydroxyaspartic 
acid, 8-hydroxyglutamic acid,' cis- and trans-phenylserine. Of 


' It isa puzzling fact that the acid isolated from casein and other proteins 
and originally thought to be 8-hydroxyglutamic acid yields some betaine 
among other products on methylation. In fact, the formation of betaine 
was first observed some 3 years ago when this acid was methylated. It 
seems certain, however, that the natural acid cannot be a 8-hydroxy acid. 
Failure to convert it into ketoglutaric acid, or glutaconic acid derivatives, 
and its limited reaction with periodic acid, and other evidence all support 
this view. A comparison of the natural acid with y-hydroxyglutamic acid 
recently synthesized from benzoylaminomalonic ester and a@,8-dibromo- 
propionic ester is in progress. 
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these acids, hydroxyaspartic acid presents a peculiarity in that a 
considerable proportion of its nitrogen is split off in the form of 
tetramethylammonium hydroxide. This reaction is analogous 
to the well known conversion of aspartic acid, on alkaline methyl- 
ation, into fumaric acid and methylated ammonium compounds, 
A similar formation of tetramethylammonium compounds was 
observed on methylation of both cysteine and cystine, but in 
neither case was it possible to detect betaine formation. The 
phenylserines also gave a small amount of the quaternary base, 
In the following experiments no effort was made to identify 
products of reaction other than those containing nitrogen. 


EXPERIMENTAL 


The reactions were all carried out in essentially the same way, 
the conditions being less drastic than those adopted by Novak 
(2) or by Carter and Melville. The hydroxyamino acid, usually 
2 gm., was dissolved in 10 ec. of water and neutralized if necessary. 
Amounts of dimethyl sulfate and 33 per cent sodium hydroxide 
equivalent to at least five molecular proportions were then added 
by degrees with constant shaking. The dimethyl sulfate and 
sodium hydroxide were divided into eight portions each and the 
total additions were made in the course of an hour. The tempera- 
ture of the solution at no time was allowed to rise above 50° 
and the alkalinity never rose above 1.5 x. The mixture was 
allowed to stand for a few hours, when the reaction usually be- 
came feebly acid and no unchanged dimethyl! sulfate remained. 

The mixture was then diluted at least 20-fold with 5 per cent 
sulfuric acid and phosphotungstic acid added until precipitation 
was complete. The precipitate was then filtered off, dissolved in 
aqueous acetone, and decomposed with barium hydroxide in the 
usual way. The filtrate containing excess of barium hydroxide 
was then strongly acidified with hydrochloric acid, the barium 
removed exactly with sulfuric acid, and the filtrate concentrated 
to a syrup which was then dried in a desiccator. In most cases 
partial crystallization took place readily. 

For the purpose of separating betaine hydrochloride, use was 
made of its sparing solubility in cold absolute alcohol. The 
crystalline residue of betaine hydrochloride, after three succes- 
sive washings with ice-cold alcohol, was freed of any sodium 
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chloride by conversion into the gold salt and then back into the 
hydrochloride. 

Reference may be made to a simple and highly convenient 
method of identifying tetramethylammonium hydroxide, which, 
as already mentioned, was formed during the methylation of 
hydroxyaspartic acid, cystine, and cysteine, and to a lesser ex- 
tent with phenylserine. Perchloric acid precipitates the base 
almost completely. The salt requires about 20 parts of boiling 
water for recrystallization, separating out as thick white prisms, 
and is very sparingly soluble in cold water. On heating it melts 
slowly without a definite melting point and then explodes vio- 
lently. It can easily be converted into the gold salt, suitable for 
analysis, by adding gold chloride to a solution of the salt in warm, 
dilute hydrochloric acid. It may be worth while to recall the 
fact that the Kjeldahl method is quite useless for the estimation 
of nitrogen in tetramethylammonium salts. 

dl-Serine 2 gm. on methylation, as previously described, gave 
(0.78 gm. of crystalline hydrochloride, which, however, was heavily 
contaminated with sodium chloride. It was therefore converted 
into the gold salt, m.p. 248°, 


Calculated, Au 43.1, N 3.07; found, Au 43.1, N 3.10 


and thence back into the hydrochloride (0.22 gm.) which melted 
at 235-238°. 

dl-Threonine —1 gm. of threonine gave 0.68 gm. of crude be- 
taine hydrochloride, melting at about 220°. It was converted 
into the gold salt, melting at 248°, which contained 43.3 per cent 
of gold (calculated 43.1 per cent). The gold salt on decomposition 
with hydrogen sulfide gave pure betaine hydrochloride, melting 
at 238°. On analysis the following figures were obtained. 


Calculated, C 39.1, H 7.82, N 9.11; found, C 38.6, H 7.65, N 9.11 


The alcohol-soluble hydrochlorides gave no insoluble perchlorate, 
indicating that little or no tetramethylammonium chloride was 
present. The addition of gold chloride gave a very small yield 
of an oily gold salt. Betaine was undoubtedly the main product 
of the reaction, confirming the observations of Carter and Mel- 
ville. 

dl-Hydroxyaspartic Acid —A mixture of the two inactive isomers 
was used. In the first experiment 2.0 gm. of hydroxyaspartic 
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acid gave 1.1 gm. of material recovered from the phosphotungstiec 
acid precipitation. This, on conversion into hydrochloride, gave 
0.30 gm. of betaine hydrochloride, melting at 240°. The gold 
salt on analysis gave 


Caleulated. C 13.1, H 2.62, N 3.07, Au 43.1 


In a second experiment, with 6 gm. of the amino acid, it was 
found difficult to secure the direct crystallization of betaine 
hydrochloride from the syrupy residue (3.3 gm.), apparently 
owing to the presence of much tetramethylammonium chloride, 
Accordingly it was treated with perchloric acid, which resulted 
in the separation of over a gm. of crystalline material. When the 
perchlorate was converted into the gold salt, a sparingly soluble 
substance was obtained which did not melt below 305° and which 
gave results on analysis corresponding to tetramethylammonium 
gold chloride. 


Caleulated. C 11.6, H 2.90, N 3.39, Au 47.7 
Found. 3B, @s 


When gold chloride was added to the filtrate from the tetramethyl- 
ammonium perchlorate, a gold salt melting at 247°, exactly re- 
sembling the betaine derivative, was obtained. It was analyzed 
completely with satisfactory results and then converted into 
betaine hydrochloride, m.p. 243°. The total yield was 0.5 gm. 
It is concluded that hydroxyaspartic acid on methylation partly 
behaves like aspartic acid with breaking of the carbon nitrogen 
linkage and in part behaves like other a-amino-8-hydroxy acids 
to give betaine. 

B-Hydroxyglutamic Acid--The experiments were made with the 
crystalline hydrochloride of the acid obtained by catalytic re- 
duction of a-nitrosoacetonedicarboxylic ethyl ester and for part 
of this material the writer is greatly indebted to Dr. R. M. Herbst. 
The following is a typical experiment. The acid hydrochloride 
(2 gm.) was methylated as in preceding examples. The phospho- 
tungstate precipitate gave on decomposition about 3 gm. of 
syrupy hydrochloride, from which was obtained 0.34 gm. of 
crystalline material sparingly soluble in alcohol. It was con- 
taminated with significant amounts of sodium chloride, so that 
conversion into the gold salt was resorted to. The gold salt 
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melted at 248° and the melting point was unchanged when a 
sample was mixed with authentic betaine aurichloride. On an- 
alysis the following results were obtained: Au 42.3, C 13.1, H 
2.91 per cent. The yield of gold salt was very small but sufficed, 
after decomposition with hydrogen sulfide, to give betaine hy- 
drochloride, melting at 246-247°. 

On examination of the alcohol-soluble hydrochlorides no tetra- 
methylammonium chloride could be detected with perchloric acid. 
On addition of gold chloride 0.92 gm. of an attractive gold salt 
was obtained. It crystallized in thin plates and needles, was 
very soluble in hot water, and fairly soluble in cold water. After 
recrystallization it melted at 198-199° with effervescence. It 
contained 35.5 per cent of gold, 19.1 per cent carbon, and 3.25 
per cent hydrogen, whereas a completely methylated hydroxy- 
glutamic acid, CgH,yO;sN-HAuCk, requires 35.3 per cent gold, 
19.3 per cent carbon, and 3.22 per cent hydrogen. 

The conclusion is drawn that, while 8-hydroxyglutamic acid 
on methylation gives identifiable amounts of betaine, the main 
product is the normal methylated acid; namely, §-methoxytri- 
methyl-a-glutarobetaine. 

Cis- and Trans-Phenylserine—No significant differences were 
observed on methylation of the two inactive isomers. 1.6 gm. 
of the trans acid gave 2 gm. of material recovered from the phos- 
photungstate and from this 0.6 gm. of betaine hydrochloride, 
m.p. 242-243°, was obtained. The gold salt contained 43.1 per 
cent of gold. The filtrate from the betaine hydrochloride gave a 
small amount of tetramethylammonium perchlorate and a larger 
amount of an oily perchlorate. Both acids on methylation were 
found to yield a little cinnamic acid, melting at 132-133°, the 
formation of which is obviously analogous to the production of 
fumarie acid on methylating aspartic acid. The betaine hydro- 
chloride from the cts acid melted at 242-243° and its gold salt 
melted at 248° and contained 43.5 per cent of gold. 


SUMMARY 


The following a-amino-6-hydroxy acids were found to yield on 
methylation significant but varying amounts of ordinary betaine: 
serine, threonine, hydroxyaspartic acid, hydroxyglutamic acid, 
cis- and trans-phenylserine. The nitrogen of hydroxyaspartic 
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acid, and to a much smaller extent the phenylserines, is partly 
converted into tetramethylammonium salts. Cysteine and cys- 
tine on methylation give no betaine but much tetramethylam- 
monium hydroxide. The results indicate that considerable cau- 
tion must be observed in the interpretation of the results of 
methylating hydroxyamino acids. 
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The gravimetric determination of blood serum proteins has 
long been considered to be the most precise of all methods, and 
has been suggested frequently as a final standard of reference for 
other procedures. However, the time involved in making the 
determination, together with the amount of material necessary for 
accuracy, has made its clinical application impractical. For 
most studies the protein values calculated from the determination 
of nitrogen by the Kjeldahl procedure have been considered 
reliable, and the simpler approaches, such as specific gravity and 
refractometric index estimations, and colorimetric evaluations, 
that require less time and skill, have been standardized from 
values obtained by the Kjeldahl method. Gravimetric serum 
protein studies in the literature are not numerous, and some, 
although they may not have a high degree of accuracy, leave the 
impression that protein values calculated from the nitrogen con- 
tents in many pathological sera are in great error owing to the 
fact that under such conditions the protein may not contain 16 per 
cent of nitrogen. In some reports in which the estimations have 
been made on small samples, the details have not been carefully 
worked out, and the agreement obtained between the Kjeldahl 
and gravimetric methods is merely the result of a balancing of 
errors. From a survey of the results reported in the literature, 
it seemed to us that protein in blood serum can best be separated 
from extraneous substances by removal of lipid material with fat 
solvents and coagulation of the protein by heat at its isoelectric 


* An abstract of this paper has been published (Proc. Am. Soc. Biol. 
Chem., J. Biol. Chem., 140, p. evii (1941)). 
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point. We have therefore made a study of the conditions neces- 
sary for reproducible results when the proteins are coagulated by 
heat. We here report (1) a comparison of protein values obtained 
when lipids are removed after heat coagulation with those ob- 
tained when lipids are removed by acetone prior to heat coagula- 
tion, (2) the effect of pH of the solution from which the protein 
is coagulated on the gravimetric protein values, (3) a determina- 
tion of the amount of nitrogen removed in the saline filtrate and 
washings, (4) a comparison of results employing the gravimetric 
method with those obtained by the Kjeldahl method, and (5) 
an analysis of the dry material for nitrogen content. 


EXPERIMENTAL 


The technique of Guillaumin, Wahl, and Laurencin (1) has been 
selected by Peters and Van Slyke (2) as one that should give exact 
results because “the acetone treatment removes lipoids, and the 
acetic acid coagulation removes salts, from the protein precipi- 
tate.’ This method is a slight modification of an earlier one by 
Bierry and Vivario (3) who presented data which indicate that the 
preliminary treatment with acetone is necessary. The procedure 
as outlined by Peters and Van Slyke was used on a number of 
samples; the protein was collected on sintered glass filters. 3 ce. 
samples of serum give quantities of protein which can be weighed 
with the necessary degree of accuracy on the average analytical 
balance. In this technique 10 cc. of acetone were employed for 
the precipitation of the protein, but Boyd (4) subsequently showed 
that this amount of solvent was insufficient for the complete re- 
moval of the lipids and recommended the use of 75cc. We precipi- 
tated the protein with about 40 ec. of acetone and noticed no 
difference in our final results whether we used 40 or 75 ce. 

The tenacity with which the proteins stuck to the sides of the 
evaporating dish and the difficulty in the washing of the proteins 
on the filter, together with the final clogging of the filter, led us to 
return to the recommendations of Bierry and Vivario (3) for the 
coagulation and washing of the protein in a centrifuge tube. The 
tube can be immersed in boiling water, where the mixture attains 
a temperature of 92-95°. Under these conditions the complete 
coagulation of protein is assured. It can then be centrifuged for 
a few minutes, and, after each washing, the supernatant liquid 


H. W. Robinson and C. G. Hogden 855 


poured through the filter, thereby keeping the bulk of the precipi- 
tate in the centrifuge tube during the washing process. The pro- 
tein can be broken up into fine particles, so that intimate contact 
with the washing solution is accomplished and at the same time 
clogging of the filter is avoided. We have had good results, as 
our data will show, when the protein has been precipitated, co- 
agulated, and washed in the centrifuge tube. 

Preliminary Treatment with Acetone Versus Direct Coagulation— 
When proteins are precipitated with acetone prior to heat coagula- 
tion, it is necessary to collect all floating particles during decanta- 
tion of the acetone washings and subsequently to avoid the forma- 
tion of large aggregates when the precipitate is taken up in saline. 
During the early stages of heat coagulation the residual acetone 
causes the mixture to boil with a consequent spattering and foam- 
ing of the material. Bierry and Vivario (5) reported that values 
obtained by direct coagulation were always higher and much more 
inconsistent than those in which the lipids were first removed. 
Analyses showed the percentage of carbon to be higher in the 
former, whereas the percentage of nitrogen was lower. They 
were also convinced that the proteins obtained by direct coagula- 
tion were by appearance less pure than those obtained on lipid-free 
material. In five samples the protein value in 100 ce. of serum 
varied from 0.08 to 0.62 gm. higher than the value by the acetone 
method. While these differences are no doubt outside the experi- 
mental error of the method employed by these authors, it still 
seemed that attempts should be made to remove the lipids com- 
pletely from heat-coagulated protein by the proper use of fat 
solvents. Therefore samples of the same serum were subjected to 
the two methods outlined in Table I. These methods necessitated 
the weighing of both filter and centrifuge tube, since it is im- 
possible completely to transfer the washed precipitate to the filter. 
In most cases the tube contained only a few mg. of protein. Care 
must be taken in handling the tube, for the ease with which the 
glass picks up statie electrical charges makes accurate weighing 
difficult. The sintered glass filter used in conjunction with the 
common suction flask and water pump allows the supernatant 
liquid to pass through readily, and is of such a fine porosity that 
the precipitated particles are held back. 

In Table IT is recorded a summary of the results that were ob- 
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tained when the two methods were compared when rabbit, dog, 
and human sera were used. The determinations in most of the 
experiments were made on 3 ce. samples, but in the few cases in 
which 5 ec. samples were used the results were the same, thus 
removing any doubt in our minds that the good checks of duplicate 
determinations might have occurred only because similar amounts 


TABLE I 
Method A Method B 


To a weighed 50 cc. centrifuge tube with lip add 


3 ec. serum + 40 ce. acetone; let | 3 ce. serum + 30 ce. 9.6% NaCl 
stand overnight in refrigerator solution 

Centrifuge, decant acetone, collect 
loose particles on filter paper; mix 
ppt. well with 30 cc. acetone; cen- 
trifuge and decant as before 

Repeat acetone washing 

Mix ppt. with 30 ec. 0.6% NaCl solu- 
tion 


Adjust reaction to pH 5.0-5.2 with acetic acid 

Immerse centrifuge tubes in boiling water, cover tube with 
inverted beaker to minimize evaporation and splashing 
of water from bath into tubes; heat 1 hr. 

Centrifuge, pour supernatant liquid through weighed 
sintered glass filter (Jena No. 1-G-4) 

Reheat saline filtrate and alter reaction with more acid 
and then more alkali; if flocculation occurs, pour through 
filter again 

Mix protein well with 15 ce. hot water by means of stainless 
= rod; centrifuge; pour supernatant liquid through 

ter 

Repeat hot water washing 7 times 


Wash 2 times with 95% aleohol as | Wash 2 times with acetone as de- 
described for water scribed for water 
Wash 2 times with 95% alcohol 
Wash 3 times with anhydrous ether, transferring protein to 
filter with last ether washing 
Dry filter and tube at 105-110° to constant weight 


were employed in both cases. The values in twelve comparisons 
(seven rabbit, three dog, and two human sera) agreed within ex- 
perimental error except in one study on dog serum for which the 
difference between the two methods was 0.13 gm. per 100 ec. of 
serum. The final product obtained by both procedures was a 
white fluffy powder. Several samples by each method after 
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weighing have been heated to 600° in the muffle furnace but in 
no instance was a measurable amount of ash found. Furthermore, 
there was absolutely no difference in the percentage of nitrogen 
in the dry heat-coagulated samples obtained by Methods A and B. 
These results will be discussed below. 

From this work it is concluded that treatment of the serum with 
acetone before heat coagulation is unnecessary. The faetor of 
prime importance, we believe, is the efficient washing of the co- 
agulated protein, which involves the stirring and breaking up of 
any large aggregates each time. This can be accomplished readily 
in the centrifuge tube. We have used eight washings with water, 
because an occasional trace of chloride has been foundin the sixth 


Il 
Summary of Gravimetric Serum Protein Determinations by Methods A and B 


No. of | No. of Mean 


No.of | Some! | | Protein, |, (Deviations devier 
ples pari- | tion (A — B) between | = 
sons ions methods 53> 
100 gm. per 100 cc. | 
7 rabbit 7 IS  5.64-5.96| —0.02 to +0.06 +0.013 
3 dog. 6 5.69-6.59 —0.03 +0.13 +0.047 
2human __... 2 7.10-7.30 +0.01 +0.01 |+0.01 | 
Total 12 28  §.64-7.30 —0.03 to +0.13 +0.021'+0.049 


washing. Because of the greater case of manipulation it is more 
practical to heat coagulate first, and wash later with water, ace- 
tone, aleohol, and ether in this order. 
Effect of pH on Heat Coagulation of Protein—F¥or the complete 
coagulation of protein by heat the solution must be brought to a 
reaction close to that of the isoelectric point of the proteins. 
Usually the protein solution is brought within the pH range of 4.7 
to 5.5 by the addition of acetic acid in the presence of methyl red. 
In our early experiments the pH of the solution was judged by the 
color of the mixture containing a definite amount of methyl red. 
The filtrate was collected after heat coagulation, the reaction 
changed slightly by the addition of a drop or 2 of dilute acid and 
then dilute alkali, and reheated in the water bath to see whether 
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any more protein could be brought down at a slightly different 
reaction. Any additional coagulum which might be obtained was 
collected on the filter. A series of experiments was performed to 
ascertain what errors would be made in the final gravimetric pro- 
tein values with slight changes in the reaction of the protein, and 
to enable us to know how accurately this adjustment of pH should 
be made. In Table III are recorded typical results obtained with 


III 
Influence of pH of Dilute Protein Solutions on Protein Values Obtained by 
Direct Gravimetric Method (Method B) 
The size of the serum sample was always 3 ec. and the final volume of 
solution 30 ce. 


pH (25°) 


| Serum N recoy- 
Subject “acid Acetate | Filtrate | Method from 
added buffer | coagula- | after | B) | filtrate + 
mixtures | tion of | washings 
} protein 
(1) (2) (3) | (4) | (5) (6) (7) 
" | gm. per | mg. per 100 
100cce. | ce. serum 
Dog 105 0.13 5.51 6.22 SS 
0.20 5.00 6.39 | 70 
0.26 4.76 | 6.36 75 
0.32 4.65 | 6.29 76 
Rabbit 210 0.16 5.29 | 5.45 | 63 
0.25 4.80 5.39 74 
0.33 4.44 5.33 2 
Rabbit,* pooled 5.05 — 5.59 5.74 6.46 79 
sample 4.76 5.13 5.21 6.53 | 75 
4.53 4.83 4.92 6.47 SU 
4.40 4.65 4.73 6.44 S7 


* The serum was diluted to 15 ee. with 0.6 per cent NaCl solution; then 
15 ec. of an acetate buffer mixture (0.04 mM acetate) were added. 


slight variations of the pH. In the first experiment (Dog 105) 
four samples of serum diluted in saline were brought to slightly 
different pH values by the addition of varying quantities of acetic 
acid. With the aid of the indicator, adjustment of the pH can 
always be made within these limits. The tubes were placed in the 
water bath and the protein coagulated in the manner described. 
The filtrates were collected and the pH values determined at 25° 
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by means of a glass electrode system which had been standardized 
with a solution of 0.05 m potassium acid phthalate (pH 4.00). 
The gravimetric protein determinations were made by Method B. 
At pH values of 4.65 and 5.51 there was a slight decrease in the 
amount of protein together with a slight increase in the amount 
of nitrogen recovered in the filtrate and washings. These differ- 
ences are relatively small but beyond the experimental error. In 
the next experiment (Rabbit 210) the effects of adding too much 
acid (pH 4.44) can be observed. These results would indicate 
that a more rigid control of the reaction may not be necessary if 
the determination is to be made only to an accuracy of 0.1 gm. of 
protein. It occurred to us that it might be advantageous to buffer 
the mixture at the proper pH by means of an acetate buffer. The 
third experiment is typical of those in which the solutions were 
buffered with acetate buffer mixtures. 3 cc. samples of serum 
were each diluted with 15 ce. of saline and to each tube 15 ce. of a 
0.04 m acetate buffer mixture of pH values shown in Table III, 
Column 3, were added. The pH of each mixture was determined 
before heat coagulation. The four tubes ranged from 4.65 to 5.59, 
the values being slightly higher in pH than the acetate buffer 
mixtures themselves. Following coagulation the pH at 25° was 
about 0.1 unit higher than it was prior to heat treatment. A 
0.04 m acetate buffer mixture of pH 4.8 when added to an equal 
volume of the serum-saline mixture was found to bring the final 
pH between 5.0 and 5.2, which appears from our experiment to be 
the best reaction. We have not been able to coagulate more 
protein on testing the filtrate in the manner stated above. 
Nitrogen Removed in Filtrate and Washings of Precipitated Protein 
—It has been known for a long time that the concentration of 
nitrogen in the filtrate from the heat-coagulated protein is much 
higher than that in a filtrate obtained after removal of protein 
by trichloroacetic acid (commonly known as the non-protein 
nitrogen of the serum). Barnett, Jones, and Cohn (6) report a 
number of determinations on dog serum showing this difference. 
Their values ranged from 0 to 27 mg. per 100 ec. with one addi- 
tional value at 79 mg. which was far beyond the range of the 
others. They considered this excess nitrogen as part of the protein 
which was lost in the filtrate because of incomplete coagulation 
and faulty filtration, and since the amount was less than 3 per cent 
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of the total protein they believed it to be no greater than the 
limits of error of the method. However, without heat coagulation, 
Raoul (7) found an excess of nitrogen after precipitation of the 
albumin and globulin by acetone over that occurring in the tri- 
chloroacetic acid filtrate. This fraction which he called “inter- 
mediate nitrogen’’ averaged 15 mg. per cent in normal human sera. 

In a series of experiments we determined the nitrogen removed 
in the filtrate and the washings with hot water and fat solvents from 
the heat-coagulated protein. The preliminary acetone washings 
were also included when Method A was used. The pooled wash- 
ings were acidified with the sulfuric acid-selenium oxychloride 


TaBLe IV 


Nitrogen Content of Filtrate and Subsequent Washings of Coagulated Protein 
in Representative Sample of Each Species 


| Difference | prose: 
Filtrate +| Next 6 | washings Difference | Protein 


Subject Method | ings with “with with fat found and 
| ot wa water | protein N inference 
a) | (3) 4) 6) | ©) | 

| per 100 mg. per 100'mg. per 100,\mg. per 100 mg. per 100 on. 
| ec. serum | ec. serum | ce. serum | ec. serum | ec, serum | 100 ce. 
Rabbit 306 A | 59.4 | 3.3 | 0.9 | 42 | 22 | 0.14 
B 56.0 2.6 2.2 | 19 | 0.12 
Dog 3 A 65 | 26 39 0.24 
B | Oa | | 35 | 0.22 
Human H | A* 48 25 23 0.14 
BY | 49 | (0.15 


* These values also include the nitrogen in the washings with fat solvents. 


mixture that was used in the Kjeldahl digestion, boiled down to a 
convenient volume, transferred to a 100 cc. Kjeldahl flask, and the 
nitrogen determined by the method previously described by 
Robinson, Price, and Hogden (8). Table IV shows representative 
experiments on rabbit, dog, and human sera. In Column 3 of 
Table IV are listed the nitrogen recoveries from the filtrate plus 
the customary eight washings with hot water. Most of the nitro- 
gen was present in the saline filtrate of Method B, or in the pre- 
liminary acetone washings plus saline filtrate of Method A. The 
nitrogen content diminished gradually in subsequent washings 
until the sixth washing was completed. Since the sixth, seventh, 
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and eighth washings were found to contain a very small and 
constant amount of nitrogen even though the test for chloride was 
negative, additional washings in certain experiments were 
analyzed. It was difficult to determine accurately this small 
amount of nitrogen in individual washings, and therefore the next 
six washings were combined for analysis, representative results 
being shown in Column 4, Table IV, after correction for the slight 
water blank. The amounts on the basis of 100 cc. of serum in 
eleven experiments ranged from 0.8 to 3.3 mg., whereas the original 
filtrate and first eight washings in twenty-eight experiments con- 
tained between 48 and 73 mg. The nitrogen recovered in the 
fat solvents was also low, ranging from 0.9 to 2.6 mg. in eight ex- 
periments. The summation of the nitrogen contents from all 
washings exceeded the non-protein nitrogen value by 12 to 31 mg. 
in nineteen determinations on four rabbit sera, 35 to 41 mg. in six 
determinations on three dog sera, and 23 to 29 mg. in four deter- 
minations on two human sera. A zero difference such as Barnett, 
Jones, and Cohn reported in two cases was never found in our 
studies. While there were comparisons on only two human and 
three dog sera, the results seem to indicate that the difference is 
greater in dog serum than in either human or rabbit serum. There 
was no significant variation in this quantity whether a sample was 
analyzed by Method A or B. 

From our work with various sizes of samples and with modifica- 
tions in technique, it was concluded that this excess nitrogen 
was not due to loss of protein by faulty filters or to incomplete 
coagulation of protein. After the sixth washing the amount found 
in subsequent washings was small, but it continued to be removed 
even though as many as fourteen additional washings were some- 
times used. This amount was extremely small, and, if all of it 
were protein, it would not affect the total protein value by more 
than 0.03 gm. per 100 ce. of serum. To determine the solubility 
of the heat-coagulated protein we shook a large sample of the dry 
protein with hot water. Vigorous shaking for 10 minutes and 
four subsequent washings with about 40 cc. of hot water over a 
period of 24 hours resulted in dissolving only 1.1 mg. from a sample 
of 1320 mg. (approximately 0.1 per cent). It appears that the 
removal of minute amounts of nitrogen by continued washing 
may be explained either by a release of nitrogen products from a 
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slight hydrolysis of the protein or by the solubility of the protein 
in hot water. It should be noted that no measurable amount of 
nitrogen was removed after the first six washings when cold water 
was used instead of hot water. 

While a slight solubility of protein may explain the small amount 
of nitrogen removed after the first six washings, it is impossible to 
explain on this basis the large amount present in the filtrate after 
heat coagulation. To determine the character of this nitrogen we 
collected the filtrate and eight washings of the coagulated protein 
from six identical samples of the same serum. ‘Two of the collee- 
tions were used to determine the total nitrogen content and each 
was found to contain 64 mg. per 100 cc. of serum. Since the non- 
protein nitrogen value was 46 mg., the difference between these 
values, 18 mg., was equivalent to 113 mg. of protein per 100 ce. 
(mg. of N X 6.25). The remaining four collections were placed 
in separate cellophane bags, subjected to dialysis, and subse- 
quently concentrated by directing currents of air against the bags. 
The solution in each bag was removed quantitatively. A deter- 
mination of protein by the biuret method (9) on two samples gave 
values of 115 and 85 mg. of protein per 100 ce. of serum. The 
remaining two samples were mixed with an equal volume of tri- 
chloroacetic acid, and the precipitates analyzed by the Kjeldahl 
method. The protein equivalent of these precipitates (N Xx 6.25) 
was 104 and 92 mg. per 100 cc. respectively. It is apparent that 
within the limits of manipulation of such an experiment the 
nitrogen could be accounted for as present in a combination having 
a protein nature. When serum is subjected to ultrafiltration with 
this type of membrane, the nitrogen passing through the mem- 
brane is at a concentration within 1 or 2 mg. of the non-protein 
nitrogen determined in a trichloroacetic acid filtrate of the original 
serum. This shows that before heat coagulation there is no excess 
diffusible nitrogen removed from the serum by trichloroacetic 
acid which might be present in the filtrate from the heat-coagulated 
protein. 

The pigments, phosphatides, etc., of serum contain a small 
amount of nitrogen which is determined as part of the total nitro- 
gen in the Kjeldahl procedure. They are brought down with the 
protein by trichloroacetic acid. In the gravimetric procedure we 
believe this nitrogen has been completely removed by the treat- 
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ment with fatsolvents. Kendall (10), in his reporton crystalline 
albumin, came to the conclusion that lipids could not be completely 
removed until heat coagulation had taken place. This fact may 
explain why washing with alcohol and ether removed some nitro- 
gen even after the protein had been originaliy treated with acetone. 

Comparison of Gravimetric and Micro-Kjeldahl Values—In all of 
our experiments the total serum protein was calculated from a 
nitrogen determination made by the Kjeldahl digestion method 
outlined in a previous communication (8). The factor 6.25 was 
used to convert the nitrogen content to protein concentration. A 
comparison of the protein values obtained by this method with 
those by the gravimetric procedure are given in Table V. In 
most cases the values obtained by the Kjeldahl procedure are 
higher than those by the gravimetric method. As a small part 
of the nitrogen determined in the serum by the Kjeldahl procedure 
may not be protein nitrogen, it might be expected that these values 
would be higher. However, the maximum deviation between the 
two sets of values was 0.29 gm. per 100 cc. obtained on one sample 
of dog serum. The total protein concentration of the sera in this 
series varied from 5.45 to 7.29 gm. per 100 ec. It should be noted 
that the deviations between the two methods are of the order of 
magnitude given in Table IV, Column 8, where excess nitrogen 
in filtrates has been converted to protein equivalents. From this 
series there is no evidence to indicate that the Kjeldahl procedure 
gives values appreciably in error. Our results are contrary to 
those reported by Jacobson (11) who found on a large number of 
sera that the protein content obtained gravimetrically exceeded 
the Kjeldahl value by 1.6 to 13.5 per cent, four-fifths of all cases 
being more than 4 per cent higher than the Kjeldahl value. His 
results were obtained on proteins which were precipitated from 
sera with acetone, washed with acetone and ether, dried to con- 
stant weight, and corrected for ash. This author obtained lower 
results on heat-coagulated protein and concluded that the filtrates 
after heat coagulation contained non-coagulable protein which 
was precipitated in the acetone method. Our experiments indi- 
cate that this nitrogen is tied up in compounds that give the biuret 
reaction and are non-diffusible through membranes capable of re- 
taining proteins. 

Percentage of Nitrogen in Dry Heat-Coagulated Protein—These 
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experiments afforded an opportunity of determining the nitrogen 
directly on ash-free, dry coagulated protein. Immediately after 
obtaining constant weight the sample was transferred to an 800 
ec. Kjeldahl flask. Digestion of these quantities of protein, 150 


TABLE V 


Comparison of Values Obtained for Serum Protein Concentration in Samples 
of Blood Serum 


Serum protein 

| G tri “| 
Subject | | —| Difference 
| (average of No. of | 
| Odeter- | determi- | Range | Average | 
| minations) nations 


om. per 100 | gm. per 100 ec. gm. per 100 

Rabbit 200 §.81- | 5 5.75-5.79 5.77 
* 310 6.94 5 | 6.87-6.96 6.92 0.02 
“ 210 | 6.18 | 6.07-6.14 6.12 | 0.06 
210 5.67 2 5.44-5.45 5.45 0.22 
6.15 4 | 6.05-6.11 6.08 0.07 
“ 306 5.82 6 | 5.67-5.71 5.70 0.12 
“306 6.00 4 | 6.05-6.10 6.08 —0.08 
“ 307 | 5.86 6 5.60-5.73 5.67 | 0.19 
“ 307 5.89 5 5.64-5.70 5.68 | 0.21 
6.64 2 6.52-6.55 6.54 | 0.10 

“ 308 5.92 5 5.90-5.96 5.92 | 0.00 
“ 308 | 6.87 6 6.40-6.52 | 6.46 | 0.11 
“ 308 | 5.98 4 6.06-6.10 6.08 | —0.10 
“309 5.83 2 5.71-5.73 5.72 | 
Dog 1 6.54 3 6.30-6.38 6.34 0.20 
“ 6 6.60 4 6.45-6.59 6.52 0.08 
“ 3 5.96 4 5.69-5.74 | 5.72 | 0.24 
“ 4 6.30 5 5.96-6.06 6.01 | 0.29 
“105 6.57 2 6.32-6.39 6.36 | 0.21 
Human M 7.18 1 | 7.19 | 7.19 —0.01 
C 4 7.10-7.15 | 7.12 —0.01 
« H 7.33 4 7.27-7.30 7.29 0.04 


to 200 mg. in most cases, was more readily accomplished in the 
large flasks than in the 100 ce. Kjeldahl flasks. The filter was 
brought to constant weight after the transfer, and the size of the 
sample obtained by difference. The percentages of nitrogen were 
determined in 66 dry samples and the results are summarized in 
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Table VI. Individual determinations varied from 15.4 to 16.2 
per cent, and the mean of all determinations was 15.78 per cent 
with a standard deviation of +0.187. There was absolutely no 
difference between Methods A and B with respect to nitrogen 
content, in contrast to the work of Bierry and Vivario (5) who found 
that proteins coagulated directly not only gave less consistent re- 
sults but were much lower in nitrogen content. They found 15.03 
to 15.45 per cent nitrogen in three samples prepared by preliminary 
treatment with acetone, and 13.75 to 15.15 per cent in the samples 
by direct coagulation. Most of the determinations of nitrogen 
reported in the literature are much lower than those we report. 


TaBie VI 
Nitrogen in Dry Heat-Coagulated Protein from Blood Serum 
Me No. of 
Sample determi-| Range | 
per cent per cent 
31 15.5-16.2 | 15.85 | +0.181 
5 15.7-16.0 | 15.86 
4 15.5-15.7 | 15.60 
sin 20 15.4-16.2 | 15.73 | +0.186 
6 15.5-16.0 | 15.72 
66 15.4-16.2 | 15.78 | 40.187 


* Coagulated protein from rabbit albumin and globulin solutions; the 
serum proteins were separated by the addition of sodium sulfate (final 
concentration 1.5 M) to the serum and excess salt removed from the protein 
solutions by dialysis in cellophane bags. 


Murrill, Block, and Newburgh (12) found values ranging from 13.48 
to 14.72 per cent in heat-coagulated proteins, but they assumed 
that the values were low owing chiefly to the presence of moisture. 
Block (13) found 14.2 to 14.4 per cent in albumin and globulin 
fractions which were heat-coagulated, but had earlier reported 
some values as high as 16.53 per cent in certain fractions of protein 
precipitated by various salt mixtures (14). Block, Darrow, and 
Cary (15) found 14.5 to 15.2 per cent nitrogen in protein prepared 
by acetone precipitation, washing with fat solvents, and drying to 
constant weight. Jacobson reported only 14 to 15 per cent nitrogen 
in the protein precipitated by acetone and dried without heat co- 
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agulation. Kendall’s value of 15.7 + 0.2 per cent obtained on 
crystalline serum albumin is in the same range as those reported 
by us. The readiness with which coagulated protein takes up 
moisture makes the determination difficult and the tendency is to 
err towards a low value. We believe that our values, which are 
higher than most of those reported, are the result of precautions 
taken to minimize this hydration and to effect complete removal 
of foreign material. 


SUMMARY 


1. The gravimetric determination of serum protein by heat 
coagulation can be used as the standard method of reference for 
the indirect procedures if sufficient care is taken in obtaining pure, 
dry, ash-free material. 

2. With the amounts of sample that are necessary for sufficient 
accuracy in weighing it is necessary to coagulate the protein at pH 
5 in a weighed centrifuge tube and to wash it efficiently before 
transferring it to the filter. 

3. Identical results are obtained by the two procedures out- 
lined: the one in which the serum is treated with acetone to separate 
the lipids from the protein before heat coagulation and the other 
in which the protein is heat-coagulated from the diluted serum 
and the lipids removed later. Factors are discussed which make 
the latter procedure the one of choice. 

4. In the filtrate and washings of the heat-coagulated protein 
the nitrogen in excess above the non-protein nitrogen was shown 
to be present in compounds of a protein nature. Continued wash- 
ing of the coagulated protein with hot water indicated that small 
amounts of nitrogen were being removed. The quantity is quite 
small, fourteen washings in our experiments removing an amount 
equivalent to only 0.03 gm. of protein from 100 ec. of serum. Ash- 
free material was obtained with eight washings of water, and two 
washings each of acetone, alcohol, and ether. 

5. In our series of experiments on human, dog, and rabbit sera 
fair agreement was obtained between the results by the gravi- 
metric procedures and those calculated from nitrogen determin- 
ations by the Kjeldahl method. The latter values were almost 
always higher, the greatest deviation being 0.29 gm. per 100 ce. 
of serum. 


H. W. Robinson and C. G. Hogden 867 


6. Analyses of the dry heat-coagulated material gave nitrogen 


percentages that ranged between 15.4 and 16.2 on 66 samples, the 
average value being 15.78 with a standard deviation of +0.187. 


1. 


2. 
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ADAPTATION OF THE FOLIN-MALMROS MICRO BLOOD 
SUGAR METHOD TO THE PHOTOELECTRIC 
COLORIMETER 


By 8. M. HORVATH anp C, A. KNEHR 
(From the Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, July 1, 1941) 


Using the micro blood sugar method of Folin and Malmros 
(1929), we attempted to simplify the usual color comparison by 
reading the Prussian blue suspensions in a single cell photoelectric 
colorimeter.!. These were read against a blank which was set at 
100. A calibration curve was obtained with an error within +5 
per cent over the range of 50 to 250 mg. per cent of glucose. Upon 
occasion, the recovery of glucose from standards varied outside 
this range and, as a result, the curve was not considered suitable 
for practical use. 

It did not seem probable that the variations observed were due 
to any single factor. The blank varied from run to run, indicating 
the probable presence of some ferrocyanide. Furthermore, the 
time of boiling (8 minutes) was suspected after a report by Jour- 
donais (1937-38) that a longer boiling time yielded more complete 
recovery and more consistent results. 

One disadvantage in the use of gum ghatti in the ferric iron, as an 
agent for maintaining the color suspension in the micro sugar 
method, is the presence of variable amounts of reducing substances 
which must be removed at the time of preparation and daily there- 
after by the addition of potassium permanganate. A substitute 
for gum ghatti in the ferric iron solution was suggested by Klend- 
shoj and Hubbard (1939-40) for use in visual colorimetric deter- 
mination of blood sugar. This is an emulsifying agent known 
under the trade name of Duponal.2. Sodium carbonate instead of 


‘ Evelyn photoelectric colorimeter, Rubicon Company, Philadelphia. 

* Duponal, M. E. dry, E. I. du Pont de Nemours and Company, Wilming- 
ton. Duponal contains as active ingredient the sodium salt of the half 
sulfuric ester of lauryl alcohol. 
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cyanide-carbonate was recommended by both Klendshoj and 
Hubbard and Evelyn’s manual. The study of these factors igs 
reported in this paper. 


Results 


The recovery of glucose from standards was measured relative 
to the time the solutions remained in the boiling water bath. We 
removed sets of tubes from the bath at various time intervals and 
to one group ferric iron-gum ghatti and to another ferric iron- 
Duponal was added. The curves in Fig. 1 show the increasing 
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w | 
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Fic. 1. Influence of boiling time on recovery of glucose from standards 


recovery when the boiling time was increased from 5 to 20 minutes. 
The reaction appeared to reach an end-point at 20 minutes, with 
approximately identical values at 15 minutes. In subsequent 
experiments we used 20 minutes in the water bath, to rule out 
variation that might result from insufficient boiling. The times 
of cooling, adding the ferric iron, dilution, and reading in the 
colorimeter were carefully controlled. 

When the time between the final dilution and the reading of 
standards boiled for 20 minutes was varied, the galvanometer 
readings of the standards changed relative to a drifting blank. 


wa 
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The changes were always in the direction of an increase in density, 
both for the blank and for the standards, and occurred when either 
of the ferric iron solutions was used. The increase in color was 
relatively greater for the standards than for the blank, which 
resulted in an increase in calculated glucose of as much as 7 mg. 
per cent for the 100 mg. per cent standard over a period of an 
hour. 

The blank was found to be more stable when sodium carbonate 
was used instead of the cyanide-carbonate reagent and to give 
essentially the same reading from series to series. When standards 
were read against the blank at intervals after dilution, there was 
evidence of increasing color development. With ferric iron- 
Duponal, the initial reading for the 200 mg. per cent standard was 
38.6 and after 39 minutes had become 34.1. With gum ghatti a 
standard of the same value read 40.2 initially and 37.9 after 38 
minutes. Color development was still continuing, although at a 
slower rate, during the next 30 minutes. Evelyn’s manual sug- 
gested that the samples be allowed to stand for 25 or 30 minutes 
before being read when carbonate alone is used. Since the produc- 
tion of color continues beyond 30 minutes, a calibration curve 
would have to be made at a definite interval after dilution, and 
samples calculated from it would always have to be read at the 
same interval. 

Klendshoj and Hubbard reported that satisfactory results 
could be obtained without cyanide, but in their method the 
samples were read visually against a standard, as was the case 
with the Folin-Malmros method. This suggests that in analysis 
of glucose the color development might be proportional among a 
series of solutions. With a photoelectric colorimeter, this would 
amount to setting the 100 mg. per cent standard at an arbitrary 
value in the vicinity of readings previously obtained with the blank, 
and reading the various samples against this value as a center 
setting. When this was done in the absence of cyanide and with 
Duponal, we obtained non-proportional color for approximately 
25 minutes (Table I). After that time, the readings remained 
relatively stable. At the intervals noted the standard was set at 
60 on the galvanometer scale and the other tubes read immediately. 
When gum ghatti was used, the changes were smaller for the same 
time intervals but showed less tendency to become constant during 
the hour studied. 
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When the cyanide-carbonate reagent was used, the proportion- 
ality of the color development was evidenced by the constancy of 
readings for more than an hour. This is illustrated in Table II, 
where the results with Duponal are shown. Similar results are 
obtained when gum ghatti is used. 


TABLE 
Instability of Color Density Development with 1.6 Per Cent Sodium Carbonate 
Solution 
Standards with Duponal (100 mg. | Standards with gum tye (100 mg. 
Time per cent standard set at 60) per cent standard set at 70) ~ 
200 mg. per cent | 300 mg. ye cont 200 mg. per cent | 300 ne. pein 
min. | 
Initial 45.3 36.1 39.2 22.3 
8 47.8 38.4 38.8 21.8 
16 48.7 39.1 38.3 21.7 
25 49.0 | 39.2 38.1 21.3 
35 48.9 | 39.1 38.0 21.2 
60 8.8 | 38.9 37.5 20.7 


TaBLe II 
Stability of Color Density with Cyanide-Carbonate Solution 


Standards Initial reading Reading after 90 min. 
mg. per cent | 

50 76.1 75.8 

100 Set at 60 Set at 60 

150 47.1 47.0 

200 38.1 38.2 

250 30.1 30.0 

300 | 26.2 26.1 


The advantage of using a standard as a reference point appears 
to be that, while there may be a progressive color change, it is 
proportional for the concentrations ordinarily encountered. Since 
the standard is always set at a preselected point, whether the 
samples are read 10 minutes or an hour after dilution, any other 
sample will give the same reading. Therefore a calibration curve 
may be prepared which will be accurate both for unknowns read 
soon after dilution and for those allowed to stand. 
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A calibration curve was prepared with the cyanide-carbonate 
reagent and ferric iron with Duponal. The data for the curve 
(Fig. 2) are shown in Table III. Each mean represents ten 
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Fic. 2. Calibration curve for blood sugar, with cyanide-carbonate and 
ferric iron-Duponal as reagents. 


TaBLe III 


Summary of Means and Probable Errors of Readings of Known Standards for 
Use As Calibration Curve 


Mean colorimeter | P.E. approximated 


Standards readings P.B. readings from calibration curve 
mg. per cent mg. per cent 
25 85.7 0.96 2.0 
50 76.5 0.85 2.0 
100 | Set at 60 
150 46.4 0.45 2.0 
200 0.50 2.5 
250 31.0 0.57 4.0 
300 27.0 0.43 6.0 


observations. Although we have obtained equally good results 
with either Duponal or gum ghatti in the above experiments, we 
are in favor of using Duponal, primarily because of its ease of 
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preparation and the fact that it requires no further attention after 
it is prepared. For convenience in daily use, the calibration curve 
is best plotted on ordinary coordinate paper. 

Its accuracy was further tested on a series of unknowns pro- 
vided by another member of the laboratory staff. The range of 
error varied from 0 to 3.5 per cent, with the mean at 2.1 per cent, 
These figures include not only the error of the method but also 
that involved in preparing the unknown solutions. 

As a further check 20 ml. of venous blood were drawn and pre- 
cipitated with the usual tungstate reagent. To aliquots of this 
sample, containing x mg. per cent of glucose, were added known 
amounts of glucose from the stock standard. When read against 
the 100 mg. per cent standard, values for x were obtained and 4 
glucose recovered as shown in Table IV. These results indicated 


TABLE IV 
Recovery of Known Glucose Added to Blood Filtrate 


Obtained mean 


z glucose + value Range z, calculated 

mg. per cent mg. per cent per cent mg. per cent 
40 143 0.0 to +3.6 103 
80 179 —2.2 “* +1.6 99 
100 200 -3.0 “ 42.5 | 100 
160 260 —1.9 “ 43.4 | 100 
200 297 —2.3 ** +2.3 97 


to us that after blood proteins had been precipitated, the remaining 
solution was comparable to a water solution of glucose, as suggested 
by Folin (1929), who adjusted the amount of tungstic acid so that 
after the proteins of the blood were precipitated no excess tungstate 
remained. 

The reagents and suggested procedure are as follows: 

Reagents—The ferric iron-Duponal solution consists of 2 gm. of 
ferric ammonium sulfate, 100 ml. of 85 per cent phosphoric acid, 
and 6 gm. of Duponal dissolved in water and made up to 2 liters. 
The other reagents are as described by Folin and Malmros. 


Procedure 


0.1 ml. of capillary blood is precipitated in 10 ml. of tungstate 
reagent. 4 ml. of the filtrate are pipetted into a tube. 2 ml. of 
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ferricyanide and 1 ml. of cyanide-carbonate reagents are added. 
The tube is placed in boiling water for 20 minutes. It is then 
removed and cooled in cold running water for 3 minutes. 5 ml. of 
the ferric iron-Duponal are added and the tube shaken and allowed 
to stand for 5 minutes. The mixture is then diluted to volume 
(25 ml.) and at least another 5 minutes allowed before the photo- 
electric colorimeter is read. i 
The standard (equivalent to 100 mg. per cent) is prepared as in | 


the Folin-Malmros method and is run simultaneously with the 
unknowns. 

The standard is set at 60 in the colorimeter and then taken out. it 
The galvanometer reading observed is taken for the center setting. q 
All the other samples are read against this. The concentrations 
of glucose in the samples are read directly from the calibration 


curve. 


DISCUSSION 

By a study of several factors influencing the variability of re- 
covery of glucose in standard solutions, we have found it possible 
to obtain a stable calibration curve for use with the microdeter- 
mination of blood sugar and a single cell photoelectric colorimeter. 

The most important modifications of the method represent 
suggestions of several workers and are here combined. These 
workers have used either the usual visual comparison of the final 
Prussian blue solutions or a photoelectric colorimeter, in which the 
operations involved in reading are as laborious as for the visual 
colorimeter. These modifications consist of an increase in boiling 
time to 20 minutes (15 may be sufficient) and the use of the emulsi- 
fying agent Duponal in place of gum ghatti in the ferric iron solu- 
tion. In addition, we found that we obtained more consistent 
results when the solutions were read against a standard instead 
of a blank. 


The use of Duponal is attractive because of the ease of prepar- i 
ing the ferric iron solution. Gum ghatti requires 24 hours to | 
prepare and potassium permanganate must be added, not only q 
at the time of preparation but also at the time of use, to neutralize 4 
whatever reducing substances are present. Duponal does not a 


require this subsequent attention. 

The possibility of omitting cyanide was considered, but we felt 
that it was impractical, since the color development continued 
over an appreciable period of time. Duponal had the advantage 
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that readings became virtually stable after 30 minutes when 
compared to a standard, whereas the readings continued to change 
when gum ghatti was used. 

Certain precautions are necessary when the ferric iron prepared 
with Duponal is used, since color development and suspension of 
the Prussian blue proceed at a somewhat slower rate than with 
ferric iron-gum ghatti. This necessitates an interval of at least 5 
minutes between the addition of the ferric iron-Duponal solution 
and the final dilution, and another interval of 5 minutes is advisable 
before readings are made. Since the slight changes in color with 
time are proportional for different concentrations of glucose, a 
longer delay before readings does not appreciably alter the values 
obtained if a standard glucose solution is the point of reference. 

The boiling time of 20 minutes gives more complete reduction 
of the ferricyanide to the ferrocyanide than the 8 minute boiling 
time originally suggested. This leads to more consistent results 
with the method. 

The use of the blank for comparison, as suggested in the manual 
for the Evelyn colorimeter, was responsible for some of the varia- 
tion in our earlier results, since the color change in the blank is not 
proportional to the changes in the glucose solution (7.e., they 
change relative to the blank). This led us to use a 100 mg. per 
cent standard as the reference point (to give a center setting) for 
our curve. This has resulted in more consistent and more accurate 
recoveries on known solutions of glucose and on glucose added to 
blood filtrates. 

While our calibration curve with ferric iron-Duponal is not a 
straight line on semi-logarithmic paper, its shape is less important 
than the accuracy with which it may be used. From the appear- 
ance of the Duponal suspension of the Prussian blue, the color of 
the ferricyanide is less in evidence. Our choice of filter was a blue 
filter No. 490, the one which gave the best use of the galvanometer 
scale. It is apparent that the use of this curve gives results well 
within the accepted accuracy of the method and is therefore 
practical. 


SUMMARY 
1. The Folin-Malmros method has been adapted for the Evelyn 


photoelectric colorimeter, giving reproducible results from 50 to 
300 mg. per cent, which was the range studied. 
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2. Duponal has been substituted for gum ghatti in the ferric 
iron solution. 

3. The use of a 20 minute boiling time appears to give more 
complete reduction of the ferricyanide. 

4. While the calibration curve based upon a 100 mg. per cent 
standard is not a straight line on semi-logarithmic paper with a 
blue filter (No. 490), its use vields more consistent and accurate 
results than are obtained when a calibration curve is referred 


to a blank. 
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A SIMPLE AND ACCURATE METHOD FOR THE DETER- 
MINATION OF CHLORIDE IN BIOLOGICAL FLUIDS 


By OTTO SCHALES anp SELMA 8. SCHALES 


(From the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine, Harvard Medical School, Boston) 


(Received for publication, July 3, 1941) 


Several modifications of the classical Volhard method (1) for 
the determination of chloride have been proposed but none is 
entirely free from the drawbacks of the original procedure. One 
of the principal causes of error is that the end-point fades and is 
uncertain when the silver chloride precipitate is not removed 
before titration. This is due to the fact that AgCl is more soluble 
than AgSCN and therefore reacts with thiocyanate: AgCl + 
SCN’ = AgSCN + Cl’. 

In order to avoid this reaction and to make an accurate deter- 
mination possible, AgCl has to be filtered off. This, however, 
introduces a new error, as, according to Kolthoff (2), a definite 
loss in silver ions occurs through adsorption on the precipitate. 
The possibility of retarding the reaction with the precipitate so 
that the end-point lasts long enough to afford an accurate result 
was studied by a number of authors, some of them being quoted 
by Peters and Van Slyke (3). 


While a satisfactory modification of Volhard’s method without 


removal of the silver chloride has not yet been published, efforts 
to replace his procedure by methods based on different principles 
have led to promising results. ; 

A number of those newer methods have been investigated and, 
while many of them give reliable results, only a few are at the 
same time simple enough to compete with the traditional Volhard 
procedure and its modifications. Consequently it has been con- 
cluded that the mercurimetric determination of chloride offers an 
especially favorable method for a rapid, simple, and accurate 
determination. 
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As with silver ions, chloride combines also with mercuric ions 
according to the equation, 2Cl’ + Hg = HgCh, without, how- 
ever, forming a precipitate. Mercuric chloride is only very 
slightly dissociated and the end-point of the titration is therefore 
recognized by the appearance of mercuric ions in the solution, 
Liebig (4), who discussed the possibility of a mercurimetric 
determination of chloride, used urea as an indicator. As sodium 
nitroprusside gives a turbidity with mercuric ions, this was used 
subsequently by some investigators as an indicator (5-7), but it 
did not become very popular, as there seems to be a large subjective 
range in the observation of the appearance of ‘‘the first’”’ turbidity, 

The situation became more attractive with the introduction 
by Dubsky and Trtilek (8) of diphenylearbazide and diphenyl- 
carbazone as indicators, forming intensive violet-blue-colored 
complex salts with mercuric ions. Lang (9) recommended the 
use of their method for the determination of chloride in blood 
filtrates. 

There are, however, several important factors upon which 
depends the success or failure of the mercurimetric method. Once 
they are known, they can be easily controlled and as they now 
have been worked out in detail, a method has been developed 
which is aecurate and free from technical difficulties. 


EXPERIMENTAL 


Reagents— 

Mercuric nitrate solution. 2.9 to 3.0 gm. of mercuric nitrate 
(c.p. Baker’s Analyzed) are dissolved in a few hundred ml. of 
water with the addition of 20 ml. of 2 N HNQO;. The solution is 
made up with water to 1000 ml. 

Indicator. 100 mg. of diphenylearbazone (Eastman Kodak 
No. 4459) are dissolved in 100 ml. of 95 per cent alcohol and stored 
in the dark, preferably in a refrigerator. 

Chloride standard. Sodium chloride c.p. is dried at 120° and 
584.5 mg. are dissolved in water and made up to 1000 ml. The 
solution contains 10 milliequivalents of chloride per liter. It is 
used for the standardization of each new batch of mercuric nitrate 
solution. 
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Procedure 


Protein-F ree Solutions—The following procedure is used for the 
determination of chloride in Folin-Wu filtrates of serum or blood. 
This technique may be used on other fluids with low protein 
content. To 2 ml. of filtrate (= 0.2 ml. of serum) in a 25 ml. 


TABLE [| 


Standardization of Approximately n/60 Mercuric-Nitrate Solution against 
4 Ml. Of | 0. O01 N Sodium Chloride Solution 


z, Hg(NOs): used Hg (NOs): P 
1.13 @) 0.0177 88.5 
1.14 (0) 0.0175 87.7 
1.13 (0) 0.0177 88.5 
1.13 (0) 0.0177 88.5 
1.14 (0) 0.0175 87.7 
0.0176 88.2 


The figures in parentheses ‘indicate estimation to the third decimal 
place. 


Taste II 
_ Determination of Chloride in Serum and Protein-Free Serum Filtrates 


Difference 


| 
| | Hg(NOs): | be 
| filtrate 18 ml. HO oom 
1 | 1.17 ©) 103.2 (0) 104.1 
1.16 (5) 102.8 1.18 (0) 104.1 1.1 
2 | 1.18 6) | 104.6 1.21 () 106.8 
1.18 (5) 104.6 1.20 (0) 105.9 1.8 
3 | 1.19 ©) 105.0 1.21 (0) 106.8 
1.19 @) 105.0 1.21 (0) 106.8 1.8 


Erlenmeyer flask is added 0.06 ml. (= 4 drops) of indicator solu- 
tion. Mercuric nitrate is added from a microburette calibrated 
in 0.01 ml. intervals. The size of the drops should be such that 
1 ml. equals about 100 drops. The clear and colorless solution 
turns an intensive violet-blue on the addition of the 1st drop of 
mercuric nitrate solution in excess. 
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Protein-Containing Solutions—The removal of the proteins 
intensifies the color change at the end-point, but deproteinization 
is not absolutely necessary. To 1.8 ml. of water in a 25 ml, 
Erlenmeyer flask are added 0.2 ml. of serum and 0.06 ml. of indi- 
cator. The color of the slightly turbid mixture is first salmon-red 
and changes, after titration has been started, to deep violet. As 
more mercuric nitrate is added, the solution becomes clear and pale 
yellow to colorless. At the end-point there is a sharp change to 
pale violet which can be seen without difficulty. The results are 
1 to 2 milliequivalents per liter higher than those obtained with 
serum filtrates. A probable explanation is that a small amount of 
chloride is lost by adsorption on the protein precipitate in the 
preparation of a Folin-Wu filtrate. 

Standardization of Mercurie Nitrate~2 ml. of NaCl standard 
solution are titrated as described for protein-free solutions. For 
routine work a factor F is calculated from the result of this titra- 
tion, by which the amount of mercuric nitrate solution (expressed 
in ml.) used for the titration of 2 ml. of Folin-Wu filtrate has to be 
multiplied to give directly the result in milliequivalents of chloride 
per liter of serum or blood. F = 100/z, where z is the amount of 
mercuric nitrate solution used for the titration of 2 ml. of NaC! 
standard. 

Tables I and II give examples of the standardization of the 
mercuric nitrate solution and of some determinations on serum 
and protein-free serum filtrates. 


DISCUSSION 


The method described has been used during the past 2 years 
for over 2000 chloride determinations and has proved satisfactory 
for serum filtrates, blood filtrates, cerebrospinal fluids, and urine. 
The recovery of sodium chloride added to blood or serum is quanti- 
tative. All results were within 1 per cent of the calculated 
amounts. The simplicity of the procedure, the sharp and perma- 
nent end-point, and the fact that only one standardized solution 
is required make this method superior to Volhard’s technique. 

The following precautions must be observed in order to get 
satisfactory results. In preparing the mercuric nitrate solution 
the specified amount of nitric acid should be added. If more or 
less acid is used, the end-point will not be sharp. It is also of 
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importance to use the right amount of indicator and to keep the 
diphenylearbazone solution cool and away from light. In day- 
light the orange-red solution turns yellow in a few days and cannot 
be used. Even in the dark its color changes slowly and after about 
2 months becomes cherry-red and no longer gives a sharp end-point. 
Consequently a fresh solution is prepared each month. The use 
of diphenylcearbazide as an indicator instead of diphenylearbazone 
is not recommended, as the end-point is not as sharp. Hypo- 
dermic needles on the tips of the microburettes are unsatisfactory, 
as the metal reacts with mercuric nitrate to cause errors up to 25 
per cent, depending on the type of metal and on the time the solu- 
tion remains in contact with it. If single drops of an available 
microburette should amount to more than 0.01 ml., such a burette 
can be made suitable for the titration by sliding a short glass 
tube, the end of which is drawn to a capillary, over its tip and 
attaching it with a piece of rubber tubing. 

By this method the chloride concentration of normal human 
serum has been found to be 100 to 110 milliequivalents per liter, 
which is the same range given by Myers and Muntwyler (10). 
The majority of normal sera contains 103 to 107 milliequivalents. 
For whole blood the normal values are 77 to 88 milliequivalents 
per liter. 


SUMMARY 


A method for the mercurimetric determination of chloride in 
biological fluids is described. The procedure is simple, fast, and 
accurate and requires only one standardized solution. Depro- 
teinization of the fluids to be titrated is not necessary but increases 
the intensity of the color change at the end-point and therefore 
facilitates the titration. 
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Lipids are deposited in nervous tissue during early life as a 
result of two processes: growth and myelination. Little is known 
about the relative quantitative importance of these processes in 
brain lipid deposition at different periods of development, and it 
was the primary object of the experiments described in this 
communication to supply such information. 

In a previous investigation (1) the lipid metabolism of brain 
was studied by maintaining rats on a D,O régime during 4 day 
periods between the 15th and 40th days of life. The high deu- 
terlum concentrations found in the unsaponifiable lipids and 
fatty acids of the brain showed that large amounts of lipids had 
been synthesized and deposited during the 15 to 19 day period. 
Since myelination is at its peak in the rat during this time (2), 
it might be assumed that a large part of the lipid deposition 
occurred in the course of that process, but the present findings 
indicate that growth was a more important factor. 


EXPERIMENTAL 


Heavy water was injected into mother rats and their young 
within 2 hours of, or 8 days after birth, and the drinking water 
was enriched with D,O as in the preceding study (1). The heavy 


* This investigation was supported by a grant from the Friedsam Fund 
donated to the Division of Child Neurology, Neurological Institute, New 
York. 
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water régime was continued for 4 days, after which the tissues 
of the young rats were worked up as already described (3), ex- 
cept that the spinal cords were analyzed separately, the intes- 
tines were not included in the present investigation, and the 
brains, spinal cords, and livers were dried in a vacuum oven at 80° 
before analysis. The removal of water was hastened by boiling out 
a few times with small portions of alcohol. Tissues from thirty- 
nine rats (five litters) were pooled for the determinations of Period 
I and from twenty-four rats (three litters) for those of Period II 
(Tables I and II). The mother rats were not analyzed. In 
injecting heavy water subcutaneously into the young rats it was 
necessary to pinch the skin tightly around the needle with forceps 
and to hold it for a few moments after withdrawal to prevent 
extrusion of the water through the hole made by the needle. 


DISCUSSION 


The outstanding finding (Tables I and II) was that the per- 
centage of hydrogen atoms which had originated in the body fluids 
(calculated from the deuterium concentration of the lipid frac- 
tions and of the body water') was considerably greater in the 
unsaponifiable lipids and fatty acids of the brain before appre- 
ciable myelination had taken place (Periods I and IT) than during 
the peak of myelination (Period III, included together with Pe- 
riods IV and V from the preceding study for comparison). Fries, 
Changus, and Chaikoff (5) reported that the uptake of radioactive 
phosphorus in the phospholipids of the brain was greatest in the 


1 Some error would be introduced into this calculation if appreciable 
quantities of the lipids found in the tissues of the young rats had been 
synthesized in the mother in a different concentration of D,O in the body 
water and secreted in the milk (except in Period V during which the young 
rats were segregated). This error was small, since the body fluids of the 
mothers and their young did not differ greatly in D,O concentration, and 
almost certainly negligible for the brain (see the discussion of ‘‘Synthesis 
of lipids in brain’). (See also (4) foot-note 3.) Another possible source 
of error in this calculation might be the introduction of deuterium into the 
lipids synthesized in the young rats from lactose synthesized in the mothers 
(except in Period V). It is impossible to evaluate this factor, but a con- 
sideration of possible reactions for the synthesis of lactose in the mother 
and for the synthesis of lipids from lactose in the young rats renders it 
unlikely that an appreciable proportion of the deuterium found in the lipids 
came from this source. 
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period immediately following birth and decreased rapidly with 
increasing age on a smooth curve which showed no apparent 


TABLE I 


Deuterium Content of Unsaponifiable Lipids of Tissues of Young Rats Given 
Heavy Water for 4 Days 


Deuterium in entities Hydrogen from body fluids 
| . lipids of in unsaponifiable lipids of 
Age Dein 

Period | No. of | when bod a —ae 
He. | | Killed | fluids Spe | | 
Brain Liver am Brain Liver 

| atom atom 
I | 39 | 41.12 0.38*|0.34*| 0.27*| 0.22) 33.9) 30.4) 24.1) 19.7 
II 24 1.15 | 0.29 10.35*) 0.24*| 0.28) 25.2) 30.4) 20.9) 24.4 
| 0.95 | 0.20 0.13*, 0.29) 21.1 13.7) 30.5 
IV | 7 | 20 1.26 | 0.09 0.23 | 0.30) 7.1 18.3) 28.6 
Vi 6 | 40 | 1.07 0.06* 0.19*| 0.35) 5.6 17.8) 32.7 


* Cholesterol was added to these samples before combustion to » provide 
sufficient water for analysis. 


TABLE II 


Deuterium Content of Fatty Acids of Tissues of Young Rats Given Heavy 
W ater for 4 Days 


Deuterium in fatty acids of Hy drogen from body fluids 


| ae | body | — - 
| ra killed | fluids Spi- u 
Brain | na iver rain| na iver 
| eset | cass | co cass 


| atom | atom atom atom tom | 


per pe 
per | | on | 
per cent cent | cent | cent cent | cent 


days 


I 39 2.328 1 6. 40* 0. 39°! 0. 39 35.8) 35.8) 34. 8 34.8 
II 24 12 | 1.15 | 0.38 0. 36") 0.44 0. 37 33.0) 31. 3} 38.3) 32.2 
l4 19 | 0.95 | 0.24 | 0.32 | 0. 16, 25. 3} 33.7) 16.8 
IV 7 30 1.26 | 0.16 | 0.50 0.21) 12.7 39.7) 16.7 
V 6 40 1. 51.4) 19.6 


07 (0.1L 0.55 | 0.21) 10.3) 


Palmitic was added to ‘these before oumbustion to pro- 
vide sufficient water for analysis. 


break through the period of myelination. The explanation of 
our findings, and presumably of those of Chaikoff et al., was found 
in a series of determinations of the unsaponifiable lipid and fatty 
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acid content of rat brain from birth to 40 days of age. Some of 
the data were obtained in the deuterium experiments; the others 
were supplied by analyses carried out on rats (without deuterium) 
by the same procedure of isolation (3). The weights of fatty 
acids and unsaponifiable lipids per brain were plotted against 
age (Curves A and C, respectively, Fig. 1). From these graphs 


° T T 


8 
T 


WEIGHT OF LIPID PER BRAIN IN MG. 
~ 


20r 
‘0 - = 
gtr 
l 
0 10 20 JO 40 


AGE IN oars 


Fic. 1. The deposition of lipidsin rat brain. Curves A and B fatty acids; 
Curves C and D unsaponifiable lipids. O observed values; @ values cal- 
culated from the percentage on the basis of dry weight at birth. The 
average body weights of the rats at the ages at which measurements were 
made were as follows: 0 day, 5.7 gm.;3 days, 7.5 gm.; 4 days, 8.5 gm.; 5 days, 
9.6 gm.; 10 days, 14.2 gm.; 14 days, 24.3 gm.; 19 days, 36.9 gm.; 20 days, 36.0 
gm.; 25 days, 46.0 gm.; 30 days, 80.5 gm.; and 40 days, 117.0 gm. 


the values for the start and end of each of the deuterium periods 
were read, and the percentage increase for each period was cal- 
culated (Table III). The proportion of lipids deposited, and 
presumably synthetized, was highest during Period I and de- 
creased from period to period as the rats became older. The 
rate of deposition of lipids in the brain during the period of active 
myelination (Period III) was considerably less than during Pe- 
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riods I and II in which the lipids were deposited largely as a 
result of growth. This decrease in the rate of deposition with 
increasing age accounts in large part for the parallel decrease in 
the proportion of newly synthesized lipids (as measured by the 
deuterium uptake), although, as will be shown later, a concurrent 
decrease in the rate of regeneration (cf. (6) foot-note 1) was also a 
factor. 

Quantitative Relation between Growth and Myelination in De- 
position of Brain Lipids—The percentage of fatty acids in dry 
brain remains fairly constant at an average of 10.3 per cent up 


TaBLe III 


Increase in Unsaponifiable Lipids and Fatty Acids of Rat Brain during 4 Day 
Periods in Early Life 


Unsaponifiable lipids Fatty acids 
Period No. Age 
Per brain | Increase Per brain Increase 
days mg. | per cent mg per cent 
I 0 0.6 2.8 
1 1.5 150 5.2 86 
II 8 3.2 9.6 
12 6.1 91 16.3 70 
III 15 9.0 | 24.0 
19 13.6 51 36.0 50 
IV 26 19.9 §2.5 
30 21.8 10 58.5 ll 
\ 360 | 65.2 
40 24.2 3 69.6 7 


to about the 12th day of life’ (Table IV) and then begins to rise 
rather sharply. The percentage of unsaponifiable lipids begins 
to rise gradually from the 4th or 5th day of life. From a graph 
of these values it was estimated that at birth the brain contains 
3.0 per cent of unsaponifiable lipids on a dry weight basis.‘ 


*A considerable error in plotting and reading the graphs would not 
affect this conclusion. 

* The value for fatty acids in the 12 day-old rats is probably a little too 
low (cf. Curve A, Fig. 1). 

‘The value actually determined for 0 day (Table IV) was subject to 
a high error, as the total weight was only 5.4 mg., and it was considered 
better to estimate the percentage at birth indirectly by means of a graph 
from the more accurately determined values in the older rats. 
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The concentration of fatty acids (10.3 per cent) found in brain 
at birth is that of unmyelinated brain tissue and the increase 
starting at about the 10th or 12th day of life represents myelina- 
tion. This conclusion is based on histological evidence (2), on 
the constancy through the first 10 or 12 days of life, and on a 
comparison with liver in which the concentration of fatty acids 
remained constant from the 3rd to the 18th day of life at the same 
level (10.2 per cent of dry tissue) found in adults (9.0 per cent). 
The analogous assumption for unsaponifiable lipids is not quite 
as clear cut because of the earlier and more gradual rise in con- 
centration, but it is believed that the value of 3.0 per cent is 


TaBLe IV 
Unsaponifiable Lipids and Fatty Acids in Rat Brain in Early Life 
The values are expressed as per cent of dry tissue. 


| 
Age Unsa ~ | Fatty acids Age a Fatty acids 
days per cent per cent days per cent per cent 
0 2.1 10.9 12 4.2 9.0 
3 3.1 9.4 14 13.4 
4 3.2 10.4 20 6.0 15.3 
5 4.3 10.9 25 7.0 15.5 


10 3.9 11.1 30 6.8 18.9 


fairly close to the basal level of unsaponifiable lipids in unmyelin- 
ated brain tissue. 

From these values (10.3 and 3.0 per cent of dry tissue for 
fatty acids and unsaponifiable lipids respectively) the total amount 
of “growth lipids,”’ 7.c. lipids deposited as the result of growth as 
contrasted with “myelin lipids,” was calculated per brain and 
plotted against age (Curves B and D, Fig. 1).° These curves 
represent the fatty acids and unsaponifiable lipids, respectively, 
deposited in the process of growth, while the difference on the 
ordinates between Curves A and B or Curves C and D represents 
the fatty acids or unsaponifiable lipids, respectively, deposited in 
the process of myelination. 


5 Some error is introduced into this calculation by the fact that the 
“myelin lipids’’ were included in the dry weight of brain from which the 


calculations were made. 
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The following deductions may be drawn from the fatty acid 
Curves A and B: (a) Up to 30 days of age, z.e. through the period 
of most active myelination (2), the quantity of fatty acids de- 
posited as a result of growth exceeds that deposited in the process 
of myelination. (b) From the extrapolation of Curve B it ap- 
pears that the amount of “myelin” fatty acids becomes equal to 
the amount of “growth” fatty acids at about 40 days of age. 
From Curves C and D it appears (a) that unsaponifiable lipids 
begin to deposit in myelin a little earlier in life than fatty acids, 
and (b) that the quantity of “myelin’’ unsaponifiable lipids be- 
comes equal to that deposited in the process of growth at about 
20 days of age and exceeds it by 30 days of age.® 

Synthesis of Lipids in Brain—-When in animals maintained on a 
D,O régime for a short period the concentration of deuterium in 
a lipid constituent of an organ is higher than that of any other 
tissue, it follows (6) that this constituent has been synthesized 
mainly in that organ. In Period I the concentration of deu- 
terium in the unsaponifiable lipids of the brain and spinal cord 
was considerably higher than that of the liver and remaining car- 
cass; the same was true of the spinal cord in Period II (Table I). 
Unless some compound comprising a small proportion of the un- 
saponifiable lipids of the liver or remaining carcass is synthesized 
rapidly there and transmitted to the brain where it makes up a 
large proportion of the unsaponifiable lipids, this result leads to 
the conclusion that unsaponifiable lipids are synthesized in the 
brain in early life. 

The findings with the fatty acids are not as clear cut; the up- 
take of hydrogen from body fluids in fatty acids happened to be 
almost exactly the same in all of the tissues studied in Period I 
(Table II), a result which might be taken to indicate that most 
of the fatty acids found in the brain at the end of the 4 day period 
had originated in another tissue such as the liver (according to 
the current view that the liver is the site of fatty acid synthesis). 
This is improbable. If the half life of fatty acids in the liver is 
about 1 day, as suggested by Bernhard and Schoenheimer (6), a 


° Fries, Entenman, Changus, and Chaikoff (7) reported an extensive 
series of lipid determinations in different parts of the brain throughout 
the life span. The data are presented in charts on too small a scale to 
permit their analysis and comparison with the present findings. 
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replacement of fifteen-sixteenths would not be reached until the 
end of the 4th day. Under these conditions the rate of replace- 
ment in the brain would have to be inconceivably fast for the 
composition of the brain fatty acids to be the same as that of the 
liver through a process of transfer from liver to brain. From the 
work of Sinclair (8) it is probable that the half life of fatty acids 
in the liver is less than 1 day; but even on the implausible assump- 
tion that maximal replacement is approached’ at the end of 1] 
day, and that the composition of the blood fatty acids is con- 
trolled entirely by and is identical with that of the liver, there 
would still have to be a virtually complete turnover of the brain 
fatty acids in 3 days to account for the findings on the basis of a 
steady state between liver as donor, and brain as recipient, of 
fatty acids. Although, as pointed out in the next section, there 
is probably a fairly rapid replacement of fatty acids in the brain 
in early life, it is doubtful whether it can be so fast, and we be- 
lieve that the findings are best explained on the basis of synthesis 
of fatty acids in the brain itself. This interpretation is supported 
by evidence in a previous paper (4) indicating that fatty acids are 
synthesized in the adult rat brain. The failure of the developing 
brain to assimilate elaidic acid (9), even though this acid is ap- 
parently handled as a natural fatty acid by other tissues (except 
testes (10)), is also in accord with the view that the brain supplies 
its own requirements of fatty acids.® 


7 As stressed by Bernhard and Schoenheimer (6), complete regeneration 
occurs only in infinite time. 

* In a preceding paper (1) the findings in rats which had received heavy 
water from the 15th to the 19th day of life (Period III) were interpreted 
as indicating synthesis of lipids in the brain on the assumption that the 
regeneration or turnover of the lipids present in the brain at the start 
of the experiment proceeded at theslow rate found in adult animals. From 
the new evidence it appears (see the following section) that the rate of 
regeneration is considerably faster in young than in adult animals, prob- 
ably about 25 per cent in 4 days during the 15 to 19 day-old period (Table V) 
instead of the 10 per cent assumed (see foot-note 10). However, the pro- 
portion of the lipids deposited during the experiment is considerably less 
(one-third, Table III) than the one-half assumed from the data of Koch 
and Koch (11) and our own incomplete determinations. These two errone- 
ous assumptions almost exactly balanced each other and the conclusion 
(1) that lipids are synthesized in the brain during this period (No. IID 
remains unchanged. 
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The ability of the young brain to synthesize lipids may be of 
considerable importance in understanding the abnormal depo- 
sition of lipids in pathological conditions such as Niemann-Pick 
and Tay-Sachs diseases. This, together with the indirect evi- 
dence for synthesis of fatty acids in the adult brain (4), suggests 
strongly that throughout life the brain synthesizes a large part 
or all of the lipids which it needs. 

Uptake of Hydrogen from Body Water during Synthesis and Rate 
of Replacement or Turnover of Brain Lipids—If, as indicated by 
the foregoing evidence, no lipids are transferred to the brain 
from other tissues, the concentration of deuterium found in the 
lipids at the end of the 4 day periods (Tables I and II) would be 
the result of four factors: (a) the amount of lipids present at the 
start of the period, (b) the rate of their regeneration (ef. (6) 
foot-note 1), ¢.e. replacement by lipids synthesized in the deu- 
terium-enriched medium, (c) the amount of newly synthesized 
lipids deposited during the 4 day period, and (d) the proportion 
of the stable hydrogen atoms (in the lipids) derived from the 
aqueous medium during synthesis. This relationship is expressed 
by the following equation: L.H, = L,HR/100 + LaH, in which 
L, = the amount of unsaponifiable lipid or fatty acid found at 
the end of a 4 day period; H, = the proportion of stable hydrogen 
atoms from body fluids found in the lipid involved; L, = the 
amount of unsaponifiable lipid or fatty acid present at the start 
of a period; Lz = the amount of unsaponifiable lipid or fatty 
acid deposited during the experiment; H = the proportion of 
stable hydrogen atoms originating from body fluids during lipid 
synthesis; & = the percentage regeneration during a 4 day period. 
It is impossible to solve this equation, since both H and R are 
unknown, but by substituting various values for H certain de- 
duetions can be drawn. 

The value of H can be estimated by methods developed by 
Rittenberg and Schoenheimer (12) who found that about one- 
third of the hydrogen atoms of the total fatty acids came from the 
body water. If this value of H be substituted in the equation, 
impossibly high values (100 per cent or more)’ for the regeneration 
(R) are obtained (Table V). Although this result indicates that 
more than one-third of the hydrogen atoms of the brain lipids 
originates in the aqueous medium during synthesis, the error of 
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the calculation is high since it combines several measurements, 
and a definite conclusion based on this evidence alone is not 
justified. However, other evidence indicates that H is higher 
than 0.33 and probably about 0.5 for both unsaponifiable lipids 
and fatty acids. 

(a) Rittenberg and Schoenheimer (12) found in their long time 
experiments that about 1 out of every 2 stable hydrogen atoms 
was derived from the body water in the synthesis of cholesterol. 

(b) The same experiments (12) showed that about half of the 
stable hydrogen atoms of the saturated fatty acids of mice origi- 
nated in the body fluids during synthesis, a finding confirmed (6) 


TABLE V 
Regeneration of Brain Lipids 


Regeneration (R) of 


Period No. Age Unsaponifiable lipids Fatty acids 
For H = 0.33 | For H =0.5 | ForH =0.33 For H =05 


| days percent | percent percent | percent 
I 0-4 107 20 116 47 
Il 8-12 | 55 5 100 42 
Ill | 15-19 46 13 65 26 
IV 26-30 l4 6 31 17 
V 36-40 15 9 27 15 


Rk LH. — Lia 
100 L.H 


for the saturated fatty acids of mouse liver. The much lower 
value (about 0.3) found in the total fatty acids was the result of a 
still smaller uptake of hydrogen from the body water into the 
unsaturated fatty acids. As pointed out by Bernhard and 
Schoenheimer (6), the most plausible explanation of this finding 
is the presence of biologically inert, doubly and triply unsaturated 
fatty acids which are not regenerated and, therefore, do not con- 
tain deuterium. The mechanism of biological fatty acid syn- 
thesis is presumably the same for all of the acids (6). Although 
the brain is characterized by a high content of Cy fatty acids 
which are not quantitatively important in other tissues, there is 
no reason to think that they are synthesized by a different mech- 
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anism. The concentration of these acids was probably very small 
in Periods I and II, since they are present mainly in the cerebro- 
sides and sphingomyelin which are deposited chiefly in myelin. 

(c) A value of 51.4 per cent was actually observed in the fatty 
acids of the liver in one of our experiments (Table II). 

(d) If 0.5 be substituted for H in the equation, reasonable values 
for the percentage regeneration in 4 days are obtained (Table V). 
The rate® of regeneration of fatty acids is high at birth and de- 
creases rapidly, approaching the adult level (around 8 per cent in 
4 days!’ (4)) by the 40th day of life. The values obtained for the 
unsaponifiable lipids on the assumption that H is 0.5 are less 
cogent, chiefly because of the low regeneration in Period II. The 
amounts of unsaponifiable lipids were small and the chances of 
error in the actual determination and in reading the values from 
the curve (Fig. 1) were large.’ The lower values of R for un- 
saponifiable lipids than for fatty acids are in accord with the 
findings in adult rats (4). 

The foregoing evidence presents strong support for the assump- 
tion that about 1 of every 2 stable hydrogen atoms is derived 
from body fluids in the synthesis of unsaponifiable lipids and 
fatty acids in the brain as well as in other tissues of the body. 

It is of interest that the rate of regeneration of lipids is highest 
at the time (Period I) when the demand for synthesis of lipids for 
new deposition is greatest. The rates of the two processes (re- 
generation and new deposition) decrease in an approximately 
parallel manner as the rats become older. 

Liver--From the experiments of Sinclair (8) and of Bernhard 
and Schoenheimer (6) it seems certain that virtually all’ of the 
liver fatty acids were replaced during the 4 day periods of these 
experiments. If the replacement was entirely by fatty acids 
synthesized during the experiments (7.e. regeneration) and if H 
is 0.5, then all of the values in the next to the last column in 
Table II should have been approximately 50. The lower values 
in Periods I to IV may be accounted for by dilution with fatty 


* In the presence of a changing rate it is difficult to discuss turnover in 
terms of half life. 

” Calculated on the assumption that // is 0.5 instead of 0.33 (ef. (4)). 

" Tf the content per brain at the end of Period II were 5.4 instead of 6.1 
mg., R for H = 0.5 would be 15 instead of 5 per cent (Table V). 
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acids of lower deuterium content from the mothers’ milk. In 
Period V, during which the rats received a fat-free diet, the value 
was 51.4. As noted in the previous paper (1), this value indicates 
that in the growing rat the essential, unsaturated fatty acids 
either contained deuterium and, therefore, must have been syn- 
thesized or that they are not present in appreciable amounts, 
Attention was called in the preceding papers (1, 4) to the rela- 
tively slow uptake of hydrogen from the body fluids by the un- 
saponifiable substances of the liver. There are two possible 
explanations: (a) dilution with unsaponifiable lipids from the 
mothers’ milk (Periods I to IV), and (b) a low rate of turnover of 
these lipids in the liver. It is difficult to correlate (a) with the 
fact that in all periods except No. I the values were higher in the 
carcass than in the liver. 

Carcass—-The uptake of deuterium in the carcass lipids is the 
result of the same processes (growth, rate of regeneration, ete.) 
discussed for brain, except that deposition of fat stores takes the 
place of myelination. If the deposition of depot fat were a 
consistent process like myelination, it should be possible to differ- 
entiate it from the deposition of lipids in tissue cells in the process 
of growth by a procedure like that expressed in Fig. 1. Sufficient 
data are not available and it is rather doubtful whether such an 
analysis would be possible in view of the wide fluctuations in the 
amount of depot fat in adult animals (3). 

The amount of fatty acids (Period 1) was so low (2.6 per cent) 
as to indicate that it was present mostly in tissue (muscle) cells 
and not in fat stores. Unless the rate of replacement of fatty 
acids in muscle was extremely rapid in Period I, the high uptake of 
hydrogen from the body water, equal to that of liver, would indi- 
cate that at least a part of the fatty acids deposited was synthe- 
sized elsewhere than in the liver. 

Spinal Cord—Although myelination starts much earlier in the 
spinal cord than in the brain (2), the values (Tables I and ID) 
found in this tissue were close to those obtained in the brain. 
There are too few data to permit further analysis of the findings. 


SUMMARY 


The deposition and metabolism of lipids in rat brain during 
early development were investigated with the aid of deuterium 
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as an indicator, and by determination of the unsaponifiable 
lipids and fatty acids. 

The proportion of hydrogen atoms derived from body water in 
both lipid fractions, as measured by the deuterium concentration, 
was highest in the youngest animals studied (4 days old) and de- 
clined steadily up to 40 days of age. This result is explained in 
large part by the fact that with increasing age the absolute amount 
of lipids deposited in a 4 day period comprises a smaller and smaller 
proportion of the total lipids, even during myelination. An ad- 
ditional cause of the decrease in deuterium concentration is a 
decrease in the rate of regeneration of lipids in the brain with 
increasing age. 

Up to 40 days of age growth is quantitatively a more important 
factor than myelination in the deposition of fatty acids in the rat 
brain. The quantity of unsaponifiable lipids deposited in the 
process of myelination appears to equal that deposited as a result 
of growth at about 20 days of age and to exceed it thereafter. 

Unsaponifiable lipids and probably fatty acids are synthesized 
in the brain in early life. 

The findings support the hypothesis that about half of the stable 
hydrogen atoms of unsaponifiable lipids and fatty acids origi- 
nates in the body fluids during synthesis in the animal. 

The rate of regeneration of lipids in the brain appears to be 
highest during the period immediately following birth, when the 
demand for lipids for new deposition is also greatest. 
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CHEMICAL STUDIES OF BULL SPERMATOZOA. LIPID, 
SULFUR, CYSTINE, NITROGEN, PHOSPHORUS, AND 
NUCLEIC ACID CONTENT OF WHOLE SPERMATOZOA 
AND OF THE PARTS OBTAINED BY PHYSICAL MEANS* 


By CHARLES A. ZITTLE ann ROBERT A. O’DELL 


(From the Department of Bacteriology, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Received for publication, May 10, 1941) 


Very little has been known of the chemical composition of mam- 
malian sperm. Miescher, in 1878 (1), obtained some data for bull 
sperm. During the intervening half century apparently no further 
chemical studies have been made with mammalian sperm. Very 
recently studies with ram sperm were reported (2). The meager 
analytical data available will be compared later with our data 
for whole bull sperm and the parts obtained by use of the sonic 
vibrator (3). We have determined the lipid, phosphorus, nitrogen, 
sulfur, cystine, nucleic acid, and ash content. The action of 
several specific solvents is described which, taken with the presence 
of considerable sulfur, suggests a keratin-like protein as one of 
the components of bull sperm. A few analyses are given for other 
mammalian sperm. 


EXPERIMENTAL 
Preparation of Sample 


Removal and Washing of Sperm—Testes of the bull were obtained 
from the abattoir. The sperms were washed out of the excised 
cauda epididymidis with water as previously described (4). The 
sperms were centrifuged, resuspended in water, and centrifuged 
again. This treatment appeared to be effective in removing con- 
taminating epididymal fluid; there was some suggestion that 
further manipulation broke off small portions of the tail. Washing 


* This work has been aided by a grant from the National Committee on 
Maternal Health, Inc. 
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was also tried with 0.85 per cent NaCl, followed by water, to 
remove any globulins that might be adhering from the epididymal 
fluid. None was present in significant amounts. Microscopie 
examination showed that no physical change of the sperm cells 
occurred in water. In this respect they are more similar to bae- 
teria than other mammalian cells. Bacteria and sperms have in 
common a high nucleic acid content and high density. 

Drying and Extraction of Lipid—The early preparations of 
washed sperms were cryochem-dried (5). These preparations 
had a light yellow color and retained their color through subse- 
quent lipid extraction. Later a procedure was designed which 
both removed the lipid and the water and gave a product with 
very little color. Extractions for this purpose were carried out 
for 4 hour periods with various lipid solvents in a Soxhlet ap- 
paratus. Satisfactory preparations were obtained with successive 
extraction with alcohol and ethyl ether or acetone and petroleum 
ether.! Satisfactory drying of the sperm after lipid extraction 
was attained by spreading the sperm on unglazed porcelain dishes 
and covering with a watch-glass supported about 0.5 inch above 
the dish. The drying was completed by allowing samples to re- 
main 22 hours in a vacuum oven (0.03 mm. of Hg) at 50° and 
storing them over P.O; in a vacuum desiccator. 

Disintegration of Sperms by Sonic Treatment and Separation of 
Parts—The disintegration and fractionation of the sperms was 
performed essentially as described previously (3).2 The heads 
came down first when a suspension of broken sperms was centri- 
fuged at one-sixth full speed in an International clinical centrifuge; 
the speed was subsequently increased and a definite boundary 
showed that tail material was deposited on top. The top layer 
was removed with a narrow spatula. Repeated resuspension, 
centrifugation, and separation gave a preparation of heads that 
finally showed no top layer and microscopically showed little or 
no contamination with tail parts. The top layer which was ob- 


1 The latter pair have been most used, since preparations were desired 
which would be satisfactory for determinations of methionine by the 
volatile iodide procedure; solvents have to be avoided which would form 
volatile iodide. 

2 Sonic disintegration was carried out at the Johnson Foundation for 
Medical Physics through the courtesy of Dr. L. A. Chambers. 
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tained pure by repeated similar treatment represented the mid- 
pieces (6). The part remaining in the cloudy supernatant fluid 
was finely divided and difficult to sediment in the centrifuge used; 
this part, fragments of the long slender portion of the tail, repre- 
sented the principal piece and end piece (6). We refer to this 
fraction as the tails. Most of this part was recovered by adding 
1 to 2 parts of the lipid solvent to be used subsequently and centri- 
fuging. The lipid extraction was performed at this point as 


TABLE 
Composition of Bull Spermatozoa 
All data except those for lipid are for lipid-free sperms dried as described 
in the text. No correction has been made for the ash content. 


Phos- | Thymus 
| horus | type of 
Lipid Phosphorus (caleulated! 


0,88 59 


nucleic Nitrogen 
| |as nucleic acid 
acid found 
Whole sperm... .| 13 2.74 0.1) 27.3 22.6 | 16.4 + 0.2 
Heads... ll 7 4040.2) 40.4 | 40.5 | 18.5 
Midpieces......... 6 | 1.6 16.2 | 19.4 16.0 
Tails. 23 0.5 5.0 3.6 | 13.6 
Cystine 
Sulfur caleu- 
if ‘ as per 
Sulfur for, | Cystine | Sentat | Ash 
free material | 
Whole sperm.....|1.640.1| 2.2 1.10) 6 |18+01 
Heads... .. 1.6 2.7 1.07 | 67 2.1 
Midpieces........ 1.8 2.1 1.17 65 3.3 
Tails. | 1.5 1.5 1.1 


described previously for the whole sperm. The part of the sperm 
represented by the various fractions was confirmed by microscopic 
measurement of the intact sperm and separated parts. That a 
real separation of different parts of the sperm has been made is 
indicated by the very dissimilar chemical data (see Table I) for 
the various fractions. 

The products obtained after extraction and drying were, in the 
case of the whole sperms, midpieces, and tails, fibrous and had a 
faint buff color; the heads were finely granular and white. The 
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dry weights of heads, midpieces, and tails were 51, 16, and 33 per 
cent, respectively, of the whole sperms. These products are 
referred to later as the standard preparations, and have been 
used in all the analytical studies. 

The sperms and parts were prepared from lots of twenty-four 
to sixty-four testicles. An average of 40 mg. (range 24 to 63 mg.) 
of dried, lipid-free sperms was obtained per testicle. By counting 
the sperms from several different lots, by means of a counting 
chamber, the weight of a single dried, lipid-free sperm was estimated 
to be 2.0 X 10-§ mg. Dr. W. Henle and Dr. G. Henle have ob- 
tained 2.4 X 10-* mg. for unextracted sperm (unpublished data), 
in close agreement with the 2.8 X 10-* mg. reported by 
Redenz (7). 


Analytical Methods 


Sulfur—The Parr peroxide bomb (flame ignition) was chosen 
for the oxidation of the sulfur. About 150 mg. of the sample 
were used and the determination was performed as described in 
the Parr manual.* The use of a porcelain filter crucible‘ facilitated 
the handling of the precipitate of barium sulfate (approximately 
15 mg.). 

Cystine —The cystine was precipitated as the cysteine cuprous 
mercaptide and estimated from both the total sulfur in the pre- 
cipitate and the color obtained with the Sullivan reagent, as re- 
cently described (8). Agreement with the cystine values reported 
here has also been obtained (unpublished data) with a modification 
of the method of Baernstein in which the cysteine is determined 
iodometrically (9). 

Phosphorus and Nucleic Acid—The total phosphorus was deter- 
mined by the colorimetric procedure of King (10). For the de- 
termination of thymus type of nucleic acid, sperm samples con- 


3 The manual accompanying the Parr bomb gives a discussion of the use 
of the several reagents in the solution and precipitation of the fusion. 
The use of bromine water was omitted, since it gave no change in results 
and the handling was speeded. Two-thirds the suggested quantities of 
fusion reagents were used and a proportionately smaller sample was taken. 

*A porous, porcelain crucible (No. FC-2010) manufactured by the 
Selas Company, Philadelphia, has been found more convenient than the 
Gooch crucible. The crucibles furnished at present are very satisfactory. 
Several now in use have withstood over 100 ignitions in the electric furnace. 
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taining phosphorus equivalent to about 1 to 2 mg. of nucleic acid 
were extracted 15 minutes with 4 ml. of 0.1 N HCl in a boiling 
water bath. The residue was removed by centrifuging and the 
nucleic acid in the supernatant fluid was determined colorimetri- 
cally by the diphenylamine reaction (11). The extraction pro- 
cedure was repeated until the nucleic acid was completely removed 
(three times were necessary). 

Nitrogen —The nitrogen determinations’ were made by a semi- 
micro-Kjeldahl procedure (12). Borie acid was used (13) for 
absorption of the ammonia. 


Discussion of Data 


Lipid—-The large amount of lipid found (see Table I) in the 
tail is probably contributed by the sheath (6) which encloses the 
flagellum, since treatment of the whole sperm with acetone and 
petroleum ether results in microscopically visible narrowing of 
the tail beyond the midpiece. For further study of the lipid the 
solvent will have to be removed under an inert gas, as the lipid 
becomes dark brown and viscous when the solvent is removed in 
the presence of air. 

Phosphorus and Nucleic Acid-—Considerable phosphorus is found 
in the bull sperm; the large amount in the heads is comparable to 
that found in fish sperm heads (14). The data in Table I show that 
the phosphorus content® of the head, and the other parts of the 
sperm also, is correlated with the content of the thymus type 
(desoxyribose) nucleic acid. This correlation is obtained only 
with the lipid-free sperm, since phospholipid is present in the 
sperms, particularly in the tails. 

The large amount of thymus type of nucleic acid and the ab- 
sence of yeast type of nucleic acid in the midpiece is perhaps sur- 
prising, since this part contains the mitochondria, a cytoplasmic 
component (6). The nucleic acid of the components of cytoplasm 
of cells other than sperm so far studied has been of the yeast type 
and there is evidence that the mitochondria of some cells also 
contain only the yeast type of nucleic acid (16). 


5 These determinations were made by Mr. B. Zitin. 

° The theoretical phosphorus content of thymus type of nucleic acid is 
9.89 per cent (15). The factor for converting phosphorus to nucleic acid 
is accordingly 10.1. 
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Sulfur and Cystine’—Although the sulfur content of the various 
parts of the sperm is very similar, larger differences appear when 
sulfur is calculated on the basis of nucleic acid-free material, 
assuming that the nucleic acid contains no sulfur. The cystine 
values also are about the same for the different parts of the sperm 
and account for 59 to 69 per cent of the total sulfur. Although the 
variation in this ratio is small, we do not feel that only one cystine- 
containing protein is indicated. 

Nitrogen—The large amount of nitrogen in the sperm head will 
probably be found to be correlated with the presence of basie pro- 
teins which have been found in such large amounts in the heads of 
fish sperms. The low nitrogen content of the tails may be due 
either to the presence of a protein containing amino acids of low 
nitrogen content (tyrosine, phenylalanine) or to non-protein 
material. 

Solubility of Sperm—The high cystine content of the sperm and 
the insolubility of the sperm in many reagents, observed by 
Miescher and confirmed in our work, suggests the presence in the 
sperm of a keratin-like protein, since the keratins, typically that 
of hair, are rich in cystine and are quite insoluble in most reagents. 
Another striking property of the keratins is their increased solu- 
bility after the action of reducing agents. Thioglycolic acid is 
very effective in this respect (17). The solvent action of this acid 
on the sperm compared with that of hydrochloric and phosphoric 
acids was tested by suspending 0.25 to 0.50 gm. of the sperms in 
water and adjusting the pH to 1.5 to 2.3 with the appropriate 
acid. The material in solution was precipitated by partial neu- 
tralization, dried, and weighed. Thioglycolie acid dissolved 20 
to 25 per egnt of the sperms, whereas the other acids dissolved 
less than 5 per cent under the same conditions. Further, when 
the sperm was briefly suspended in 0.1 N NaOH, the thioglyeolic 
acid-treated sample was almost completely soluble but only 10 to 
15 per cent of the preparations treated with hydrochloric and 
phosphoric acids was soluble. A considerable excess of thio- 
glycolic acid over that calculated from the —-S—-S—— bonds present 
was required for solution, suggesting a mass action effect. In the 


7 The analytical methods used did not distinguish cystine and cysteine. 
However, the nitroprusside test, before and after reduction, had shown the 
preponderance of cystine over cysteine. 
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ease of hair an alkaline medium is required for solution (17). 
In our experiments both alkaline and acid solutions were effective 
but total solution was greater when treatment with acid was 
followed by alkali. 

Trimethylbenzylammonium hydroxide* has been reported as 
a keratin solvent (18). In preliminary trials this reagent in 4 per 
cent concentration (0.2 N in titratable alkali) caused a rapid and 
complete solution of sperm. However, it is not yet clear whether 
solution was to some degree specific or due to the alkalinity of the 
solvent. 

Analysis of Other Mammalian Sperm-—Guinea pig sperm con- 
tained 1.7 per cent S and 1.3 per cent P; human sperm contained 
1.2 per cent S and 1.5 to 4.2 per cent P. All values are corrected 
for the ash content of the samples. The great variation in the 
phosphorus content of human sperm cannot be explained with 
certainty. Inorganic phosphorus has been found in human 
seminal fluid (19) and such material may not have been washed out 
completely in every case. A positive nitroprusside test was ob- 
tained with human sperm also. 


DISCUSSION 


Miescher, in his studies with bull sperm attempted unsuccess- 
fully to disintegrate the sperms with strong salt solutions. This 
method had been used to separate the heads and tails of fish sperms. 
Miescher, however, was able to obtain the bull sperm heads free 
of tails by digestion of the latter with pepsin. He found the whole 
sperm contained 2.3 per cent P and 1.2 per cent 8; the heads con- 
tained 4.7 per cent P and 1.7 per cent S. Our data are essentially 
similar. An exact comparison of the data is difficult for the follow- 
ing reasons: Miescher’s preparations may have been contaminated 
with epididymis tissue unavoidable in his method of removing the 
sperm from the testicle (maceration); his washing and extraction 
procedures were not described fully nor were the analytical pro- 
cedures. However, the striking thing revealed by his data is the 
relatively high sulfur content of bull sperm. That the high sulfur 
fraction is probably not unique for bull sperm was pointed out 
by Miescher who stated that a fraction present in salmon sperm to 


* This was kindly furnished by the Réhm and Haas Company in a 40 
per cent solution under the trade name Triton B. 


n 
i 
if 
1 

{ 


906 Bull Spermatozoa 


about 10 per cent contained 1.7 per cent 8S. Here, however, the 
high sulfur fraction was a relatively negligible part of the whole 
sperm. Miescher had no suggestions as to the nature of this sulfur, 

Green (2) in his studies with ram sperm also found large amounts 
of sulfur, as cystine. Analytical data were obtained for a part of 
the sperm which was insoluble in 0.01 nN NaOH and 0.01 n H,S0, 
and was believed to represent a membrane. This membrane con- 
tained 19.3 per cent N and 11.4 percent cystine. Green considered 
the possibility of a keratin-like protein as part of this insoluble 
membrane but felt that it was excluded because the ratio of the 
basic amino acids was not that usually found in keratins. How- 
ever, the amounts of cystine reported and the insolubility of the 
material suggest it may contain a protein belonging to this group, 
Although KCN and BaS, in which keratins are soluble to some 
degree, did not dissolve the membranes, the more specific solvent 
for keratins, thioglycolic acid, was not used. 

In conclusion, we feel that the cystine content and the solution 
that we have obtained with thioglycolic acid are strong evidence 
for the presence of a keratin-like protein in bull sperms, perhaps 
on the surface. This idea is strengthened by reports in the litera- 
ture that the casing of fish eggs (dogfish, herring, and salmon) and 
of the hen’s egg membrane is keratin-like (20). This material is 
of mesodermal origin as are the sperms; the typical keratins are of 
ectodermal origin. However, final proof of the presence of a kera- 
tin-like protein must await the isolation and purification of the 
sulfur-containing protein. It is likely that more than one sulfur- 
containing protein will be found. 

The washing to which the bull sperms have been subjected ex- 
cludes glutathione in our studies and the cystine and cysteine 
found must be regarded as part of a structural component of the 


sperms. 


SUMMARY 


The preparation of bull sperms free of other material and their 
physical separation by sonic treatment into heads, midpieces, and 
tails are described. Analyses of the bull sperm and its physical 
fractions revealed large differences in the composition of the 
various parts. The tails contain 23 per cent lipid, the heads and 
midpieces only 6 to 7 per cent. The P content of the heads is 4.0 
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per cent, of the tails, 0.5 per cent. All the P is accounted for as 
thymus type of nucleic acid. The heads contain 18.5 per cent N, 
the tails 13.6 per cent. The 8S content is high and ranges from 
1.5 to 1.8 per cent in the various parts; approximately two-thirds 
of this has been accounted for as cystine plus cysteine. The 
implications of some of the data are discussed. The S and P 
contents of guinea pig and human sperm were approximately the 
same as in bull sperm. The solubilities of bull sperm in hydro- 
chloric, thioglycolic, and phosphoric acids are given and discussed 
together with other data as evidence for the presence in bull sperm 
of a keratin-like protein. 
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CARBONIC ANHYDRASE > 
I. FACTORS AFFECTING ACTIVITY 


By EDNA R. MAIN ann ARTHUR LOCKE 


(From the Institute of Pathology, the Western Pennsylvania Hospital, 
Pittsburgh) 


(Received for publication, June 16, 1941) 


This is a report of an investigation into the extent to which the 
activity of carbonic anhydrase may be conditioned by factors 
known to influence carbamate formation. 

The factors examined were temperature, carbon dioxide pressure, 
available concentration of substances capable of uniting with car- 
bon dioxide to form carbamates, degree of interference by formal- 
dehyde and zine, and degree of interference by stable carbamate 


and sulfamate groupings. 


EXPERIMENTAL 


Method of Estimation of Carbonic Anhydrase Activity— Attention 
was restricted to the effect of carbonic anhydrase on the rate of 
conversion of carbon dioxide into carbonic acid. The activity of 
the enzyme in this specific direction was appraised through use 
of the Philpot-Philpot (1) technique for measurement. of the time 
required for a defined shift in pH during conversion of carbon diox- 
ide into carbonic acid in the presence and absence of added enzyme. 
The time, ¢, for a series of volumes, V, of the added enzyme was 
compared as in Fig. 1. Over the range of activity there covered 


V/Vanie = (1/t — 1/to)/(1/to) 
where Vunie! is that volume giving a time, ¢, at 0°, equal to one- 
half that observed for the blank, to. 


' The unit so defined is not equivalent to the unit defined by Meldrum 
and Roughton (2) for the “boat method.”’ According to Philpot and Phil- 
pot, it is roughly one-eighteenth; according to Keilin and Mann (3), it is 
of the order of one-tenth. 
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Estimation of the degree of activation and inhibition was made 
in terms of per cent change in 1/V ynic. 

Enzyme Source—Defibrinated, whole blood was used as the 
source of the carbonic anhydrase for the experiment summarized 
in Fig. 2. For all of the other comparisons, a separation was made 


an 
@ 


— Vx200, cc. 


— VxlOO0O, ce 


sec. 2 1IOOA, sec. 


Fic. 1. Linearity of the relationship between the added volume, V, of 
partially purified carbonic anhydrase and the rate of completion, 1/t, of 
the pH change marking the end-point in the Philpot method of titration, 
within the range of activity covered. O, X, carbonic anhydrase in the 
absence of added activator or inhibitor; g, added sulfanilamide, 0.0087 mu 
per liter; O, A, V, added histamine, 0.016, 0.16, and 0.32 mm per liter, 
respectively. O,™, enzyme derived from beef erythrocytes; X, 0, A, VY, 
from rabbit erythrocytes. 

Fia. 2. The carbonic anhydrase in whole blood. Change in degree of 
existing activation, and in sensitivity to further activation, with dilution. 
The ordinates represent the volume of added blood in the 10 ec. of reaction 
mixture; the abscissae, the rate of induced carbon dioxide hydration. 
0, rabbit blood, without added activation; VY, added broth, 1:100; 
A, added supernatant from rabbit blood plasma heated at 65° for 


5 minutes, 1:500. 


from the plasma and from a portion of the substances with which 
the enzyme is associated in the erythrocyte by the third or “chloro- 
form method” of Meldrum and Roughton (2). 

Effect of Histamine on Carbonic Anhydrase Activity——The hista- 
mine was added to the 0.00263 m sodium bicarbonate solution 
before saturation with carbon dioxide? The diphosphate was 


? The same results were obtained when histamine was added with the 
carbonate solution. 


he 
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used, corrected to the pH of the bicarbonate with 0.1 mM sodium 
hydroxide. The increase in total volume, so introduced, was kept 
small and compensated for through equivalent additions to the 
volume of the blank. 

Histamine was not observed to influence the rate of carbon 
dioxide hydration in the absence of carbonic anhydrase, under the 
conditions of the Philpot method of estimation. In the presence 
of the partially purified enzyme significant activation was apparent 
with concentrations of added histamine as small as 0.016 mM per 
liter (Fig. 1). Concentrations of 0.32 mm per liter had no sub- 
stantially greater effect than concentrations of 0.16 mm per liter. 
' Effect of Peptone, Plasma, Amino Acids, and Other Carriers of the 


NH Group —The activating effect of histamine was not specific 


for that substance. Appreciably greater effect was obtained with 
0.5 per cent neopeptone broth (Table I). Preparations of tetanus 
toxin, with a broth base, had a related effect. _Neopeptone, alone, 
was only partially as effective. Both the histamine effect and the 
surprisingly large activation by a 1:500 dilution of the supernatant 
from heated blood plasma were first reported by Leiner (4). 
Roughton and Booth (5) also had observed “multiplicative” 
acceleration of carbon dioxide hydration in the combined presence 
of carbonic anhydrase and histidine. 

Leiner (4) observed activation, additionally, with carnosine, 
anserine, tryptophane, uric acid, theophylline, theobromine, 
adenine, adenosine, guanosine, hydantoin, cysteine, glutathione, 
and cystine. In our experience, the only substances observed to 
produce marked activation in low concentration (0.1 mm per liter) 
were histamine, histidine, and cysteine. Activation was exerted 
by pilocarpine and by thiamine in concentrations of 1 to 3 mM per 
liter. Nicotinamide (20 mo per liter), coramine (14 mo per liter), 
acetylcholine (10 mm per liter), and ethylurethane (10 mM per 
liter) were without significant effect, as were also urea (100 mm 
per liter) and benzamide (100 mm per liter). Neutral salts of 
ammonia, allylamine, and p-aminobenzoic acid, in concentrations 
of 1 to 10 mm per liter, had a lengthening effect on the reaction time 
both in the presence and absence of enzyme. Aminoacetic acid, 
nicotinic acid, and asparagine, in concentrations of 1 to 10 mM per 
liter, lengthened the reaction time in the absence of enzyme, but 
produced a shortening in the presence of enzyme. 
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Decrease in Activity of Carbonic Anhydrase of Whole Blood on 
Dilution—The carbonic anhydrase activity of whole blood did not 
vary linearly with concentration’ in the absence of added hista- 
mine, broth, or heated plasma (Fig. 2). More nearly linear 
variation was observed in the presence of these activating sub- 
stances. In their absence, the activity decreased and the sensi- 
tivity to activation increased with dilution. At dilutions of 
1:2000 (in the reaction mixture) the sensitivity to activation 


TABLE I 


Degree of Activation of Carbonic Anhydrase in Diluted Whole Blood, and in 
Partially Purified Preparations, by Peptone Broth, Heated Plasma, ' 
and Histamine 


| 


1/Vunit 


Enzyme source | Activating agent, final concentration - — 
| 

Whole blood, 1:2000 | Broth, 1:100* 610 630 0 
Heated plasma, 1:500t 610 | 630 | 0 

Histamine, 1:28,000 550 | 550 0 

 1:10,000 Broth, 1:100 490 | 350 40 

| Heated plasma, 1:500 600 | 350 | 70 

Histamine, 1:28,000 460 = 320 | 40 

Partially purified | Broth, 1:100 380 110 | 250 
Heated plasma, 1:500 270 95 | 180 

| Histamine, 1:28,000 | 220 | 100 | 120 


* 0.5 per cent neopeptone (Difco), with veal infusion base. 
+t Supernatant, after heating at 65° for 5 minutes. 
t From washed erythrocytes, by the “chloroform method” of Meldrum 


and Roughton (2). 


approached zero (Table I). The sensitivity to activation, even at 
dilutions of 1:10,000, was but one-half or less that observed with 
preparations of the enzyme freed from plasma, hemoglobin, ete. 

The enzyme, in whole blood, would appear to be fully activated 
and to become sensitive to activation only as a result of dilution 
or purification. 

’ Philpot and Philpot noted that the activity found for solutions of hemo- 
globin or dilutions of blood did not show a linear relation to concentra- 
tion (1). 
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Effect of Change in Temperature and Carbon Dioxide Pressure— 
The controlling temperature and carbon dioxide pressure in the 
Philpot procedure are 0° and 1 atmosphere. Table II indicates 
the extent of decrease in activity with change to 20° and 0.1 atmos- 
phere of carbon dioxide pressure. 

Under the latter conditions the enzyme activity was greatly 
reduced. Because of the necessary modifications in procedure 
for study under these conditions, the extent of reduction could be 
only roughly approximated. Sensitivity to histamine activation 
seemed to persist. 


TABLE II 


Effects of Increased Temperature and Decreased Carbon Dioxide Pressure on 
Carbonic Anhydrase Activity* and on Sensitivity lo Histamine Activation 


1/Vunit 
Temperature CO: pressure 
With added histaminet| Without histamine 
*C. atmosphere 
0 1 280 140 
20 1 100 50 
20 0.1 (6) (3) 


* The determinations were made with a constant volume (0.01 cc.) of a 
partially purified preparation of enzyme. Thymol blue was used in place 
of brom-thymol blue for these comparisons and 0.33 cc. of carbonate solu- 
tion in place of 1.0 cc. for the estimation at the reduced CO, pressure, 
secured by bubbling 10 per cent CO, in O, through the reaction mixture in 
place of 100 per cent CO,. 

0.32 mm per liter. 


Effect of Sulfanilamide and Zine—Addition of zine sulfate to 
a final concentration of 0.025 mM per liter (Table III) diminished 
the activating effect of histamine and cysteine on carbonic 
anhydrase, in confirmation of the report to that effect by Leiner 
(4). This concentration is one-fortieth that required to produce 
50 per cent inhibition of the enzyme itself. 

Sulfanilamide (6, 7) produced no interference with histamine 
activation and did not prevent the interference with histamine 
activation by zinc. 

Effect of Formaldehyde— Activity appeared to decrease 55 to 87 
per cent in the presence of formaldehyde in concentrations of 15 
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TABLE III 


Interference with Histamine Activation by Zine and Non-Interference 
by Sulfanilamide 


Concentration of added 


| 


1/Vunit* Activation 

Histamine Sulfanilamide | Zine 

mm per l. ma per ma per 1. per cent 
0 0 | 140 
0.08 0 0 260 86 
0 | oo2 | o 85 
0.08 0.012 0 180 112 
0 | 0.025 | 
0.08 0 0.025 112 0 
0 0.012 0.025 78 
0.08 0.012 0.025 | 72 0 


' i 


* The determinations were made with a constant volume (0.01 cc.) of a 
partially purified preparation of enzyme. The histamine, sulfanilamide, 
and zine sulfate were added with the 0.00263 m NaHCO, solution. 


TABLE IV 


Effect of Formaldehyde on Carbonic Anhydrase Activity and on 
Sensitivity to Histamine Activation 


Units of activityt found when histamine was present in concen- 


Formaldehyde* trations of 
0 0.08 mat per liter | 0.32 mat per liter 
mM per |. 
0 155 310 310 
15 70 110 140 
a 30 45 | 70 


* The formaldehyde was added as a solution containing 36 per cent by 
weight. The concentration of formaldehyde reported by Stadie and 
O’Brien to produce substantial interference with the conversion of glycine 
into carbamate was 100 to 600 mm per liter. 

+t The determinations were made with a constant volume of enzyme, 0.01 
ec. Histamine and formaldehyde were added with the 0.00263 m NalICO, 


solution. 


to 120 mo per liter (Table IV). Formaldehyde interfered with 
histamine activation only when no excess of the latter was present. 
When an excess of histamine was present, that part of the enzyme 
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not blocked by formaldehyde appeared to be fully activated. How- 
ever, when the ratio of histamine to formaldehyde was lowered, 
activation could be realized only to the extent of 50 to 75 per cent. 

Formaldehyde had a profound effect on the blank. Unlike the 
other inhibiting or activating agents tested, it appeared to have a 
direct catalytic effect of its own, tending to shorten the blank to 
57 seconds (from 70) when present in a concentration of 15 mm 
per liter and to 32 seconds when present in a concentration of 120 
mm per liter. 

Readjustment. of the pH to that of the 0.00263 m bicarbonate 
was made, prior to test, for the formaldehyde experiment as for the 
other experiments reported. 


DISCUSSION 


Carbonic anhydrase appears to require an optimum concen- 
tration of NH for full activity as a catalyst for the conversion of 
dissolved carbon dioxide into bicarbonate. Separation from the 

NH-containing substances with which carbonic anhydrase is 
associated in the blood has contributed to a decrease in activity and 
an increase in sensitivity to activation by added NH, as has 


simple decrease in available NH concentration through dilution. 


The low temperature, high carbon dioxide pressure, and alkaline 
pH utilized by the Philpot method for carbonic anhydrase estima- 
tion favor carbamate formation (8-11). 

Carbamate formation is prevented by the presence of hydrogen 
ion and, presumptively, zinc, copper, and other ions tending to 
compete with carbon dioxide for the residual valence forces of the 


NH group. 


CO: = ()NCO.) +H* 


HCl = + Cr 
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The acceleration of carbon dioxide hydration by carbonic anhy- 
drase is comparably retarded by hydrogen ion (12) and by zine, 
copper, and other heavy metal ions (2) tending to form a related 


association with 
Activation has not been produced by substances containing 
NH groups so basic as to capture hydrogen ion from a neutral 


solution. The activating capacity of histamine, by far the most 
powerful activator found, with the exception of histidine and zine- 
binding cysteine, was blocked by concentrations of zine incapable 
of producing direct enzyme inhibition. 


Because the hydrogen of the > H group is of determining im- 


portance to the reaction, carbamate formation can be prevented 
by diversion of that hydrogen to formaldehyde (10). The activat- 


ing power of added SNH becomes blocked and carbonic anhydrase 


rendered inactive by the concentrations of formaldehyde which 
prevent carbamate formation. Activation of carbonic anhydrase 
has been observed, to date, by only one substance lacking a dis- 
sociable amino hydrogen. That substance, pilocarpine, may 


tend to displace zinc, etc., from combination with active NH 


groups in the enzyme preparation, thus producing indirect activa- 
tion of the type exerted by cysteine.‘ 

Insufficient evidence is yet available for concluding that car- 
bonic anhydrase must act on a substrate of carbamate ion rather 
than on carbon dioxide directly. Strong support for the possibility 
derives from the inhibiting action of sulfanilamide. The latter 
substance is the most powerful inhibitor of carbonic anhydrase 
that has yet been found (6,7). It exists to some extent as a nega- 
tively charged sulfamate ion (RSO2NH)~ capable of attraction by 


‘The powerful activating capacity found for cysteine is corroborated 
by Leiner (4). Kiese and Hastings (12) found that 0.05 m cysteine slightly 
inhibited enzyme activity and that 0.01 m cysteine was without effect. 
The latter investigators also report a degree of inhibition by brom-thymol 
blue which did not occur under the conditions controlling the experiments 
here reported. Identical reaction times were obtained regardless of 
whether the indicator was added with the enzyme, with the carbonate, or 
after the virtual completion of the reaction, 3 to 5 seconds before the 


terminal change in pH. 
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the forces attracting the carbamate ion NCO.) and possibly 


eapable of exerting a type of blockade against carbamate attraction 
to carbonic anhydrase such as may be exerted by ethyl peroxide 
against attraction of hydrogen peroxide to catalase (13). Sul- 
fonamides with substitutions discouraging production of a sulfa- 
mate anion (e.g., sulfapyridine and sulfathiazole) fail to produce 
the inhibition of carbonic anhydrase exerted by substitutions not 
discouraging this tendency (e.g., sulfonhydroxyamide) (7). Urea 
and ethylurethane exert no significant inhibition of carbon dioxide 
hydration. Phenylurethane exerts a 50 per cent inhibition in a 
concentration of 12 mm per liter. 


SUMMARY 


Additions of substances containing an »N H group capable of 


forming carbamate under the conditions of test produced an in- 
crease in the accelerating action of purified carbonic anhydrase 
on carbon dioxide hydration. Increase in the concentration of 


NH available to carbonic anhydrase in whole blood did not 


increase activity unless preliminary dilution of the blood had been 
made to more than 1:2000. 


Of the NH compounds studied for the extent of activating 


effect, only histamine, histidine, and cysteine were highly effective 
in small (0.1 mm per liter) concentration. Pilocarpine and 
thiamine produced activation in concentrations of 1 to 3 mM per 
liter. Only sulfanilamide produced inhibition in concentrations 
below 0.1 mm per liter. Zine produced interference with histamine 
activation at this level but produced direct enzyme inhibition only 
at concentrations above 1 mm _ per liter. Formaldehyde and 
phenylurethane were inhibitory at levels of 12 to 15 mm per liter. 

Carbonic anhydrase possibly exerts full activity as an agent for 
catalyzing carbon dioxide hydration only under conditions per- 
mitting optimum formation and adsorption to the enzyme of an 
unstable carbamate ion. 
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THE ISOLATION OF p-AMINOBENZOIC ACID FROM YEAST 
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The present investigation is primarily concerned with the 
isolation of p-aminobenzoic acid from yeast. The presence of 
this substance in yeast was adumbrated by Woods (1) who made 
the important discovery that this aromatic amino acid possesses 
the unique property of antagonizing the bacteriostatic action of 
sulfanilamide and that the component of yeast extracts which 
exerts a similar antisulfanilamide action has properties consonant 
with those of p-aminobenzoic acid. Subsequently Rubbo and 
Gillespie (2), utilizing a procedure involving the benzoylation of a 
suitably prepared yeast extract, succeeded in isolating from 
30 kilos of yeast 2 mg. of p-benzoylaminobenzoic acid whose 
identity was established only by its melting point. 

Determinations of the antisulfanilamide activity of yeast 
extracts conducted by Woods (1) indicate that if such activity is 
due solely to p-aminobenzoie acid the concentration of this sub- 
stance in yeast must be very considerably greater than that 
indicated by the isolation mentioned above. In agreement with 
this we have found upon colorimetric analysis that commercial 
pressed bakers’ yeast contains a quantity of diazotizable aromatic 
amine equivalent to approximately 0.5 mg. per cent when calcu- 
lated as p-aminobenzoic acid. In consequence it appeared desir- 
able to undertake the present investigation in order to establish 
definitely the nature of the aromatic amine present in yeast and to 
gain a more precise estimate of the quantity of p-aminobenzoic 
acid present. 

At the outset it appeared that the isolation procedure might be 
materially facilitated by starting with a commercial yeast extract 
of the type used as a source of the vitamin B complex. Subse- 
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quently, by a modified procedure involving the formation of the 
slightly soluble acetyl derivative of p-aminobenzoic acid, it was 
found that this substance may be isolated with relative ease from 
commercial pressed yeast. Nevertheless, the isolation from the 
yeast concentrate will be described, since it led to the isolation of 
p-aminobenzoic acid as such and to its unambiguous identification. 

In connection with our experiments with yeast it has been 
observed that yeast contains not only p-aminobenzoic acid as such 
but also some substance, possibly a peptide, from which this 
aromatic amino acid is liberated during autolysis. This is indi- 
cated by the observation that upon autolysis the quantity of 
diazotizable amine present in cytolyzed yeast increases and that 
following such autolysis p-aminobenzoic acid may be isolated from 
yeast, as the acetyl derivative, in greater amount than is possible 
before such enzymatic degradation. 


EXPERIMENTAL 


Isolation of p-Aminobenzoic Acid from Yeast Extract—The yeast 
extract used in the present experiment was Fleischmann’s Type 
Ill. For a generous supply of this material we are indebted to 
Dr. Charles N. Frey of The Fleischmann Laboratories, New York, 
who informed us that this extract is prepared by the extraction 
of fresh yeast with aqueous alcohol and subsequent evaporation 
of the solvent in such a way that each gm. of the extract represents 
the extractives of approximately 9 gm. of yeast. 

Analysis of this extract showed it to contain about 3.8 mg. per 
cent of arylamine calculated as p-aminobenzoic acid. This 
analysis, and all others of a similar nature referred to in this paper, 
was conducted by the method of Bratton and Marshall (3) 
originally devised for the determination of sulfanilamide and 
related drugs in body fluids but equally applicable to the 
determination of all diazotizable amines. 

As a result of a number of preliminary experiments whose 
details will be omitted, it was found that the arylamine present 
in the yeast extract mentioned above could be most readily 
separated from the bulk of other substances in the extract in the 
fashion described below, which eliminates the relatively large 
losses of material which inevitably accompany more complex 
techniques of isolation. 
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1 liter of 95 per cent alcohol was added to 1000 gm. of the finely 
powdered yeast extract contained in a 5 liter flask. The mixture 
was shaken to form a homogeneous paste, made definitely acid to 
litmus by the addition of 10 N sulfuric acid; then 1 liter of ether 
was added immediately and the mixture vigorously shaken for 
15 minutes, with care that all lumps of material were broken up. 
The resulting mixture was allowed to stand 3 hours with occasional 
shaking and then filtered with suction. The mare was returned 
to the flask and vigorously shaken for 10 minutes with 750 ml. of 
ether and again filtered. This operation was repeated once more 
with a like volume of ether and the mare finally washed on the 
filter with two 50 ml. portions of ether. The combined filtrates 
from this extraction were turbid, owing to the dilution of the 
initial clear filtrate with ether. This turbidity was readily re- 
moved by admixture with a small quantity of Filter Cel and 
subsequent filtration. A second 1000 gm. portion of the yeast 
extract was treated in precisely the same fashion and the alcohol- 
ether solutions resulting from the two extractions were combined 
and the solvents distilled off with the aid of a water bath. 

The resulting residue was taken up in 500 ml. of water, ammonia 
added in quantity sufficient to bring the pH to approximately 8, 
and the mixture placed in an ice box overnight to permit congela- 
tion of some insoluble material which appeared to be of lipid nature, 
somewhat fluid at room temperature. Following removal of this 
material by filtration there remained a straw-colored solution 
having a distinct fluorescence. Analysis of an aliquot of this 
solution by the method (3) previously mentioned showed it to 
contain 65.3 mg. of arylamine calculated as p-aminobenzoic acid 
or 86 per cent of the amount estimated to be initially present in 
the 2000 gm. of yeast extract. A determination of the total solids 
present showed that the solution contained 4.26 gm. or 0.21 per 
cent of the original solids. 

The solution was then treated with a slight excess of a saturated 
solution of basic lead acetate. The resulting precipitate was 
removed by centrifugation and the supernatant fluid neutralized 
with sulfurie acid and filtered, a procedure which did not involve 
the loss of any of the arylamine present. The solution was evapo- 
rated on the steam bath to a volume of approximately 100 ml. 
The resulting solution, which had darkened considerably during 
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this evaporation, was brought to pH 3.8, the isoelectric point 
of p-aminobenzoic acid (4), and extracted in a separatory funnel 
with five 100 ml. portions of ether. 

The combined ether extracts were distilled down to a volume 
of approximately 50 ml. when 25 ml. of water were added and the 
remainder of the ether distilled off. The resulting solution was 
mahogany-colored. Upon analysis it was found to contain but 
59 mg. of p-aminobenzoic acid. Since the aqueous solution 
following extraction with ether as described above was found 
upon analysis to be free of arylamine, it appears that a portion of 
the arylamine present was destroyed during the process of 
evaporation. 

The solution was made alkaline to litmus with ammonia, 
clarified with a slight excess of basic lead acetate, filtered, and the 
pH brought to 3.8 by the addition of sulfuric acid. Following 
removal of the precipitated lead sulfate, the solution was extracted 
five times with a like volume of ether. In order to minimize the 
further production of colored substances, the ether extracts were 
evaporated at a temperature not exceeding 35° in a small flask 
containing 5 ml. of water. 

Following the removal of the ether the solution was brought 
to pH 3.8 and allowed to stand overnight, when crystals appeared. 
The contents of the flask were transferred to a centrifuge tube, 
chilled in ice water, and the crystals separated by centrifugation. 
The crystals were dissolved in a minimum volume of hot water 
and the solution transferred to a weighed Emich cone. After 
crystallization had taken place, the crystals were centrifuged off, 
washed with a few drops of water, and the cone and its contents 
were dried at 100° and weighed. 

The recrystallized product weighed 7 mg., melted at 186.4° 
(corrected), and caused no depression in the melting point of an 
authentic sample of p-aminobenzoic acid. A portion of the 
recrystallized product (4 mg.) was converted to the piecryl deriva- 
tive by interaction with picryl chloride in the conventional manner 
(5). After recrystallization from hot glacial acetic acid this 
derivative melted at 300-301° (corrected, 287-288° uncorrected) 
and caused no depression in the melting point of an authentic 
sample of p-picrylaminobenzoic acid. 

The mother liquors, from which the crude p-aminobenzoic acid 
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initially separated, were combined with the mother liquors re- 


sulting from the recrystallization of this substance, evaporated 
toa volume of 3 to 4 ml., and shaken with a few crystals of sodium 
acetate and 0.2 ml. of acetic anhydride until the latter passed into 
solution. When the solution had stood overnight in the ice box, 
crystals separated. These were centrifuged off, washed with a 
few drops of cold aleohol which removed the adherent brown 
mother liquors, and recrystallized from a minimum of boiiing 
water. This recrystallization involved the loss of considerable 
material but was necessary in order to obtain a colorless product. 
In this way 11 mg. of p-acetylaminobenzoic acid (equivalent to 
8.4 mg. of p-aminobenzoic acid) were obtained. The product 
melted with decomposition at 259.5° (corrected) and caused no 
depression in the melting point of an authentic sample of p- 
acetylaminobenzoic acid. 

Isolation of p-Aminobenzoic Acid from Yeast before and after 
Autolysis—Rubbo and Gillespie (2) claim that p-aminobenzoic 
acid is a growth factor for Clostridium acetobutylicum and related 
anaerobes. Previously, Weizmann and Rosenfeld (6), while at- 
tempting to isolate such a factor from yeast, had observed that 
autolysis of yeast led to an increase in the content of the Clos- 
tridium growth factor. Taken together these observations sug- 
gested that possibly yeast contains p-aminobenzoic acid in a com- 
bined form as well as in the free state and that the latter is liber- 
ated from the former during the course of autolysis. Such proved 
to be the case, as is shown in the following experiment wherein 
this increase in the content of p-aminobenzoic acid was followed 
both colorimetrically and by isolation. 

Fresh commercial pressed bakers’ yeast (1200 gm.) was plas- 
molyzed with 120 ml. of ethyl acetate. When the mass had be- 
come fluid, it was allowed to stand at room temperature for 4 
hour and then during the next 2 hours a 10 per cent solution of 
trisodium phosphate was added from time to time at a rate such 
that the mixture remained substantially neutral to litmus. This 
required 248 ml. of the phosphate solution. The resulting mix- 
ture was divided into two equal portions by weight. One portion 
was placed in an incubator at 37° and the other was heated to 80° 
for approximately 10 minutes to inactivate the enzymes present. 

For colorimetric analysis 10 ml. portions were withdrawn and 
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precipitated with 4 ml. of 12.5 per cent trichloroacetic acid and 
the analysis conducted by the method previously specified. These 
analyses disclosed that the initial mixture had an arylamine con- 
tent, calculated as p-aminobenzoic acid, of 0.47 mg. per 100 gm. 
of yeast. After 4 days autolysis the corresponding value had 
become 0.79 mg. per 100 gm., while the arylamine content of the 
heated mixture remained unchanged. No further increase in 
the arylamine content occurred during a further 3 day incubation, 

While it is a reasonable assumption that the increment in aryla- 
mine content occasioned by autolysis is due to the liberation of 
p-aminobenzoic acid from some precursor, it appeared desirable 
to confirm this by direct isolation of this substance. In the 
absence of any specific precipitant, suitable for the isolation of 
p-aminobenzoic acid in a quantitative fashion, the two prepara- 
tions of plasmolyzed yeast described above were subjected to the 
same treatment on the assumption that the manipulative losses 
involved would be essentially the same in both cases. In the 
procedure utilized for this purpose, which was first tried out on 
another sample of yeast, the p-aminobenzvic acid was isolated as 
the acetyl derivative, not as the free acid whose isolation as such 
is capricious when very small quantities are involved. Both of 
the yeast preparations were treated as described below. 

The mixture was made acid to Congo red by the addition of 10 
N sulfuric acid, 1.5 liters of aleohol added, and the mixture vigor- 
ously shaken for 10 minutes and allowed to stand overnight. 
The supernatant liquid was decanted, and the residue was trans- 
ferred to centrifuge bottles with the aid of 100 ml. of alcohol, and 
centrifuged. The residue was then shaken up with 200 ml. of 
a 50:50 alcohol-ether mixture and again centrifuged. This process 
was repeated twice more, with 175 ml. of the alcohol-ether mix- 
ture each time. 

The ether was distilled off and the extract concentrated in 
vacuo to a volume of 75 ml. This was made faintly alkaline 
with ammonia chilled in ice and centrifuged free of solids which 
had separated. The deep yellow supernatant fluid was brought 
to pH 3.8 with sulfuric acid and extracted four times with an 
equal volume of ether. The ether extracts were evaporated in a 
small flask containing 10 ml. of water. This solution, which upon 
cooling deposited some lipid, was clarified with a slight excess of 
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basic lead acetate, the resulting precipitate removed by centrifu- 
gation, and the supernatant fluid extracted with ether as before 
after adjustment of the pH to 3.8. 

The ether extract obtained at this point was evaporated in a 
previously weighed 3 ml. Emich cone containing 0.7 ml. of water. 
The resulting solution was acetylated by being stirred with 2 
drops of acetic anhydride. Upon scratching, crystals separated; 
the tube was placed in crushed ice for an hour, then centrifuged. 
The sedimented crystals were twice washed with 2 drops of 50 
per cent alcohol and the tube and contents dried at 100° and 
weighed. 

In this fashion 2.1 mg. of p-acetylaminobenzoic acid were ob- 
tained from 600 gm. of the plasmolyzed and heated yeast, while 
3.7 mg. of the same substance were obtained from a like quantity 
of the autolyzed yeast. These quantities are equivalent respec- 
tively to 1.6 and 2.8 mg. of p-aminobenzoic acid and account for 
57 and 60 per cent of the amounts of p-aminobenzoic acid initially 
estimated by the colorimetric reaction to be present in the respec- 
tive yeast preparations. In both instances the identity of the 
acetylated product was established by means of a mixed melting 
point with authentic p-acetylaminobenzoic acid. 


DISCUSSION 


The experiments described above show that yeast contains 
p-aminobenzoic acid in both a free and a combined form. As 
yet we have no information concerning the precise nature of the 
latter, but since this substance yields p-aminobenzoic acid during 
the course of autolysis it would appear to be a peptide. If such 
is the case, the aromatic amino group must be involved in the 
peptide link, since this substance is not diazotizable prior to 
autolysis. Recently, Loomis, Hubbard, and Neter (7) have ob- 
tained from yeast a fraction containing an entity which inhibits 
the bacteriostatic action of sulfanilamide but which is insoluble 
in ether, is not diazotizable, and is not inactivated by acetylation. 
Such behavior would be expected of a peptide derived from p- 
aminobenzoic acid and it may be that the antisulfanilamide fac- 
tor encountered by Loomis et al. is identical with the substance 
which gives rise to p-aminobenzoic acid during the autolysis of 
yeast. 
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SUMMARY 


1. p-Aminobenzoic acid hes been isolated from yeast and 
definitely characterized. 

2. Evidence has been presented which indicates that yeast also 
contains a combined form of p-aminobenzoic acid from which this 
substance is liberated during autolysis. 


The writer is indebted to Dr. E. K. Marshall, Jr., for suggesting 
this investigation, for frequent advice, and for the hospitality 
of his laboratory during a leave of absence from New York Uni- 
versity. 
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NOTE ON THE ISOLATION OF SERINE FROM BEEF 
BRAIN PHOSPHATIDES* 


By ERWIN CHARGAFF anp MORRIS ZIFF 


(From the Departments of Biochemistry and Surgery, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, July 3, 1941) 


In recent communications Folch and Schneider (1) have brought 
forward evidence for the presence of a hydroxyamino acid in brain 
cephalin and Folch (2) has reported the isolation of serine from a 
brain cephalin fraction which had a high amino acid nitrogen 
content. 

In the course of work on the composition of tissue phosphatides 
undertaken in this laboratory (compare (3)), serine has been 
isolated as the 8-naphthalenesulfonyl derivative from the hydrol- 
ysate of a total phosphatide preparation from cattle brain: Fischer 
and Bergell (4), who first prepared this derivative from dl-serine, 
reported a melting point of 214°. Embden and Tachau (5) de- 
scribed the isolation of the compound (melting at 220°) from 
sweat. The derivative obtained in the present work had a higher 
melting point, 234-235° (corrected), which is not surprising in 
view of its optical activity. 


EXPERIMENTAL 


Phosphatide Preparation—The phosphatide sample used was 
prepared by extraction of acetone-dried fresh beef brain with 
petroleum ether (b.p. 30-60°). The extract was, after removal of 
the bulk of the cerebrosides by chilling, concentrated and poured 
into acetone. The precipitate was emulsified in physiological 
saline and flocculated by the addition of 0.5 volume of acetone. 
The solution of the resulting precipitate in petroleum ether was 
again freed of cerebrosides by freezing, concentrated, and the 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 
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phosphatides were precipitated with acetone. The purified 
phosphatides were, after several precipitations, obtained in a yield 
of 47.2 gm. from 1804 gm. of ground brain. Analysis, found, P 
3.66, N 1.71, amino N 1.23, amino acid N (6) 0.37, iodine value 
(7) 46.6, P:N = 1:1.03. 

Isolation of Serine—The hydrolysis was carried out by refluxing 
15.00 gm. of the phosphatide preparation with 150 cc. of 4 n HC] 
for 23 hours. The mixture was chilled and freed from the fatty 
acids which were reextracted with 50 cc. of 0.1 N HCl. The com- 
bined aqueous solutions were concentrated to dryness in vacuo, 
taken up in a small amount of water, and filtered through celite. 
The volume of the filtrate was 45 cc. An amino acid determina- 
tion by means of the ninhydrin reaction (6) on an aliquot of this 
solution indicated the presence of a total of 48.6 mg. of amino acid 
N (corresponding to a recovery of 87.6 per cent) which was equiva- 
lent to 364.6 mg. of serine. 

The adequacy of the procedure adopted for the isolation of 
serine from the phosphatide hydrolysate was checked in prelimi- 
nary experiments with mixtures of serine and ethanolamine. The 
method followed was essentially that of Fischer and Bergell (4). 
The phosphatide hydrolysate (44 ec. containing 47.5 mg. of amino 
acid N) was neutralized and shaken with a saturated solution of 
6.3 gm. of 8-naphthalenesulfonyl chloride in ether for 43 hours at 
room temperature. During this period a total of 22 ce. of 2.5. n 
NaOH was gradually added to keep the mixture at pH 9 to 10. 
After the reaction was completed, the aqueous phase was cleared 
with norit, carefully adjusted to pH 7 with HCl, and allowed to 
stand in the refrigerator. The insoluble material was filtered off 
and the filtrate made acid to Congo red by the addition of concen- 
trated HCl. The precipitated oil, which solidified in the cold, 
was filtered, dried, and extracted with 25 cc. of warm absolute 
ethyl aleohol. The hot alcohol solution was several times treated 
with norit and evaporated to dryness. 

The residue was recrystallized from 10 ec. of hot water, when 
153 mg. of a white powder were obtained. A portion of this mate- 
rial (116 mg.) was dissolved in 10 cc. of water containing 1 equiva- 
lent of NaHCO;. The hot solution was treated with norit and the 
filtrate made acid to Congo red with HCl. 8-Naphthalenesulfonyl 
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serine crystallized in the form of white plates weighing 75.2 mg. 
The substance melted with decomposition at 234-235° (corrected). 


Calculated. 52.87, H 4.44, N 4.74, 10.86 
(295.30) Found. ** §2.94, “ 4.40,“ 4.75, 10.88 


Rotation—(In absolute alcohol) [a]? = —6.1° 


The authors would like to thank Mr. W. Saschek and Mr. A. 
Bendich for the microanalyses. 


SUMMARY 


Serine has been isolated as the 8-naphthalenesulfony] derivative 
from the hydrolysate of a purified phosphatide mixture prepared 
from cattle brain. 
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LETTERS TO THE EDITORS 


THE STIMULATORY EFFECT OF CALCIUM UPON THE 
SUCCINOXIDASE ACTIVITY OF FRESH RAT TISSUES* 


Sirs: 


In the course of an investigation concerned with the effect of 
various vitamin deficiencies upon the succinoxidase content of rat 
tissues it was observed that the in vitro addition of traces of calcium 
salts stimulated markedly the activity of this system in certain 
tissues. A more complete study of this effect has yielded the 
following results. 

Both minced and homogenized! tissue suspensions were em- 
ployed. The rate of oxygen uptake in the presence of succinate 
was determined in Bareroft differential manometers at 38°. Air 
was employed as the gas phase and potassium hydroxide was 
present in the inner wells. The calcium solution was prepared by 
the reaction of c.p. hydrochloric acid with calcium carbonate of 
high purity. The preparation of cytochrome ¢ was carried out 
according to Keilin and Hartree? except that it was dialyzed 
against distilled water instead of 1 per cent sodium chloride.’ 
Calcium was determined by a modification of the method of 
Alten, Weiland, and Knippenberg.‘ 

In the absence of added cytochrome c, the succinoxidase activity 
of minced liver was increased 43 to 80 per cent by the addition of 
20 y of calcium. With homogenized liver (40 mg. per flask) the 
addition ef 20 y of calcium resulted in increases of 93 and 48 per 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. These studies were aided by grants from the 
Rockefeller Foundation and the Wisconsin Alumni Research Foundation. 
We are indebted to Dr. Van R. Potter for a supply of pure cytochrome c. 

' Potter, V. R., and Elvehjem, C. A., J. Biol. Chem., 114, 495 (1936). 

? Keilin, D., and Hartree, E. F., Proc. Roy. Soc. London, Series B, 122, 
298 (1937). 

* Potter, V. R., J. Biol. Chem., in press. 

‘Alten, F., Weiland, H., and Knippenberg, k., Biochem. Z., 266, 85 
(1933). 
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cent in the absence and presence of added cytochrome c¢ (3 X 10-8 
mole per flask) respectively. The succinoxidase activity of homo- 
genized kidney cortex (20 mg. per flask) was stimulated 40 per 
cent in the presence of added calcium. Added cytochrome c¢ did 
not affect the magnitude of the stimulatory effect of calcium in 
this tissue. The most pronounced effect of calcium was observed 
in the case of homogenized heart tissue (20 mg. per flask) in which 
the addition of 20 y of calcium in the presence of 3 XK 10-° mole 
of cytochrome c caused an increase of 200 per cent in the succin- 
oxidase activity. 

Under our experimental conditions the addition of 20 y of 
calcium always vielded the maximum stimulatory effect. In many 
cases the addition of smaller amounts of calcium (as little as 1 or 
2 y) resulted in a marked acceleration of succinoxidase activity. 
An analysis of liver showed it to contain from 100 to 200 y of total 
calcium per gm. of fresh tissue. Therefore, 4 to 8 y of calcium 
were introduced into each flask as tissue calcium. The combined 
calcium content of the remaining constituents of the flask other 
than added calcium was less than 2 y. In homogenized liver 
suspensions the addition of aluminum salts in concentrations 
similar to those of the calcium salt employed had no significant 
effect upon the succinoxidase activity. In only a few isolated 
cases was a similar calcium effect observed in brain and skeletal 
muscle. 

_ The function of calcium in the sueccinoxidase system and the 
physiological significance of this calcium effect are under investi- 
gation. 


Department of Biochemistry A. E. AxeLrop 
College of Agriculture Kari F. Swinaie 
University of Wisconsin C. A. ELvenseM 
Madison 
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GROWTH REQUIREMENTS OF CLOSTRIDIUM TETANI* 


Sirs: 


It appears that a new bacterial growth factor, first described 
as to general properties by Snell and Peterson,' and recently 
characterized provisionally by Stokstad? as a dinucleotide, is 
essential for the growth of Clostridium tetani. The importance of 
establishing the production of tetanus toxin on a more satisfactory 
basis than has hitherto been possible led us to undertake a study 
of the nutrition of this organism. Its requirements appear to be 
relatively complex, and include various amino acids supplied in 
the form of an acid hydrolysate of casein, to which must be added 
a small amount of tryptophane, and, as accessory growth factors, 
adenine, pantothenic acid, thiamine, riboflavin, probably biotin, 
and the “dinucleotide” to which allusion has already been made. 
Attempts to replace this last factor with thymine and guanine 
have been generally unsuccessful, although indications from an 
occasional experiment point toward a partial effect by thymine. 

In the earlier stages of our experiments growth was obtained 
on the hydrolysate base, enriched by pantothenic acid and adenine, 
by means of a concentrate prepared from the 90 per cent alcohol 
filtrate of liver extract. This latter was generously supplied by 
the Connaught Laboratories, Toronto, to whom we are greatly 
indebted. The fractionation included adsorption on norit char- 
coal, elution with dilute pyridine-ethanol, and subsequent. pre- 
cipitation with silver and baryta. Further attempts at fractiona- 
tion gave evidence of a separation into at least two components. 
The properties of one of these resembled those of Peterson’s eluate 
factor, and a specimen of this material kindly sent us by Dr. Peter- 
son proved to be active. Almost identical in effect was a specimen 


* Aided by a grant from the Commonwealth Fund. A portion of the 
experimental work was carried out during the summers of 1940 and 1941 
in the laboratories of Dalhousie University Medical School. 

'Snell, E. E., and Peterson, W. H., J. Bact., 39, 273 (1940). 

* Stokstad, E. L. R., J. Biol. Chem., 189, 475 (1941). 
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of the manganese salt of the dinucleotide generously supplied by 
Dr. Stokstad. With this substance available in a relatively pure 
form, it was readily possible to replace the other portion of our 
silver precipitate by riboflavin and thiamine. 

On a medium of the composition shown below, the New York 
State Department of Health strain of the tetanus bacillus yields 
growth in 24 hours which is quite comparable to that obtained on 
the usual peptone-infusion broth. The medium at pH 7.6 is 
autoclaved at 10 pounds for 5 minutes, cooled quickly, and in- 
oculated with a 1 mm. loop of a 24 hour culture in ordinary broth. 
It is incubated anaerobically, according to the modification of 
Rosenthal’s chromium method which we have already described 
The quantities for 10 ec. of medium are casein hydrolysate (con- 
taining NaCl, NasHPO,, and KH.PO,)* = 150 mg. of casein, 
tryptophane 0.1 mg., glucose 50.0 mg., acetone-extracted casein 
10.0 mg., MgSO,-7H,O 4.5 mg., NaCl 15.0 mg., adenine 50.0 y, 
Ca pantothenate 2.5 y, riboflavin 1.0 y, thiamine 0.1 y, “eluate 
factor” or “dinucleotide” 2.5 y. 

The acetone-extracted casein, dissolved in dilute NaOH, has 
also been shown’ to promote growth of the diphtheria bacillus from 
small inocula. If a large inoculum is used, it may be omitted. 
This procedure is being followed in toxin experiments now under 
way, and the matter is receiving further study. 


Department of Bacteriology and Immunology J. Howarp MUELLER 
Harvard Medical School PauLine A, MILLER 
Boston 
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* Mueller, J. H., and Miller, P. A., J. Bact., 41, 301 (1941). 
* Mueller, J. H., and Miller, P. A., J. Jmmunol., 40, 21 (1941). 
5 Cohen, 8., Snyder, J. C., and Mueller, J. H., J. Bact., 41, 581 (1941). 


SYNTHESIS OF NICOTINIC ACID BY 
THE CHICK EMBRYO 


Sirs: 


In studying the requirement of the domestic fowl for nicotinic 
acid we have met difficulty in devising a suitable ration (one 
sufficiently low in nicotinic acid which would permit fairly rapid 
growth), and therefore turned to an examination of the developing 
embryo. 

A batch of fertilized eggs from hens of a New Hampshire strain 
was obtained and all except four were incubated. These were 
analyzed by separating the yolks and whites, stirring each into 
boiling water, cooling, centrifuging, and taking an aliquot of the 
supernatant fluid for nicotinic acid estimation by the method 
previously described.!. The nicotinic acid content of the yolks 
ranged from 17 to 21 y, mean value 19 y, and that of the whites 
from 56 to 64 y, with a mean of 61 y. These figures are similar to 
others we have obtained for market eggs. 

At intervals during incubation, groups of four eggs were taken 
for analysis. The shell was removed and the whole of the contents 
dispersed in water in a Waring Blendor.? The aqueous suspension 
was then boiled, cooled, and centrifuged, and an aliquot of solution 
analyzed as above. In this way it was found that after 11 days 
incubation no increase in nicotinic acid content of the egg could 
be detected, but after 16 days of incubation the average nicotinic 
acid content was 470 y. 

After hatching, eight chicks were killed by a blow on the head, 
the down removed with the aid of BaS solution, and the heads 
and feet discarded. Each carcass was then dispersed in water and 
an aliquot of the suspension taken for the determination. The 
mean nicotinic acid content of the carcasses was 820 y (range 715 
to 930 

During incubation the nicotinic acid content of the eggs in- 


'Dann, W. J., and Handler, P., J. Biol. Chem., 140, 201 (1941). 
? Obtained from the Fisher Scientific Company, Pittsburgh. 
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creased until the hatching chick contained 10 times as much ag 
the unincubated egg. The increase only began during the second 
half of the incubation. From this finding that nicotinic acid js 
being rapidly synthesized by the chick embryo in the last period 
of incubation before hatching, we infer that the hatched chick also 
is able to synthesize nicotinic acid and is therefore independent of 
a dietary supply of this vitamin. Further experiments will be 
reported elsewhere. 


Department of Physiology and Pharmacology W. J. Dann 
Duke University School of Medicine Hanpier 
Durham, North Carolina 
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Milk, dry, solids, and vegetables, 
utilization, Shields and Mitchell, 
exv 

-Protein relationship, ultracen- 
trifuge studies, Chanutin, Lude- 
wig, and Masket, XXV 
Tissue succinoxidase, effect, 
Azelrod, Swingle, and Elvehjem, 
931 

Urine, thyroid and parathyroid 
administration effect, Logan, 
Christensen, and Kirklin, \xxx 
Vegetables and dry milk solids, 
utilization, Shields and Mitchell, 


exv 
Calcium pantothenate: Liver fat, 
effect, Engel, XXXVii 


Synthetic, nutrition, Elvehjem, 
Henderson, Black, and Nielsen, 
XXXVi 

Calculi: Kidriey, phosphatic, solu- 
bility, McCullagh, Throck- 


morton, and Higgins, Ixxxvi 
Cancer: Blood serum proteins, 
Hanke and Kahn, exlv 


See also Sarcoma 
Carbohydrate: Blood serum pro- 
teins, Green, Fahey, and Green, 
xlvii 
Metabolism, carbon dioxide par- 
ticipation, Solomon, Vennes- 
land, Klemperer, Buchanan, and 


Hastings, 171 

—, vitamins B, and D, effect, 
Pincussen, ci 
Carbohydrate group: Egg proteins, 
Levene, 279 


Carbon dioxide: Body, fate, Ven- 
nesland, Solomon, Klemperer, 
and Hastings, CXXXV 

Carbohydrate cycle, relation, 
Solomon, Vennesland, Klem- 
perer, Buchanan, and Hastings, 


171 
Carbonic anhydrase: Main and 
Locke, 909 


| 
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Carbonic anhydrase—continued: 
Activity, Main and Locke, 909 
Chemistry, Scott and Mendive, 445 
Histamine, activation, Main and 


Locke, Ixxxi 
Carbon tetrachloride: Poisoning, fat 
metabolism, relation, Forbes, 
Leach, and Outhouse, xli 
Carbonyl group(s): Ketosteroids, 
determination, gravimetric, 
Hughes, 21 


Carboxylase: a-Ketoglutaric, tissue, 
Green, Westerfeld, Vennesland, 
and Knoz, 683 

Pyruvic, tissue, Green, Westerfeld, 
Vennesland, and Knoz, 683 

Carcinosarcoma: Sphingomyelin 
turnover, radioactive phospho- 
rus in study, Haven and Levy, 

exlv 

Carotene: Absorption and reten- 
tion, normal and low fat rations, 
Russell, Taylor, Walker, and 


Polskin, cix 
B-, silk oak flowers, Zechmeister 
and Polgér, 1 
Stabilization, linoleic _ ester, 
Quackenbush, Coz, and Steen- 
bock, civ 


Cataract: Tryptophane deficiency 
effect, Totter and Day, exxxiv 
Cell(s): Fragments, oxygen uptake, 
Lazarow, Ixxv 
Organic substances, penetration 
and reaction, Drabkin, xxxiv 
Cerebrospinal fluid: Blood-, ion per- 
meability, radioactive isotopes 


in study, Greenberg, Aird, 
Boelter, Campbell, Cohn, and 
Murayama, xl viii 


Bromide and chloride, bromide 
administration effect, Rossen 
and Reichenberg, evii 


lodine, Man, Lavietes, and Riggs, 
Ixxxii 


Index 
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Chick: Arginine, réle, 
Hegsted, Briggs, Elvehjem, and 
Hart, 191 

Glycine, nutrition réle, Hegsted, 
Briggs, Elvehjem, and Hart, 

191 

Nutrition, Lactobacillus casei 

growth factor, relation, Hutch- 

ings, Bohonos, Hegsted, Elve- 


hjem, and Peterson, 681 
Chimyl alcohol: Natural, configura- 
tion, Baer and Fischer, 397 


Chloride(s): Biological fluids, de- 


termination, Schales and 
Schales, 879 
Blood, Eskimo, Levine and Jor- 
gensen, Ixxvii 


— plasma, spinal fluid, and urine, 
bromide administration effect, 
Rossen and Reichenberg,  evii 

Determination, Dean and Fish- 


man, 807 
Urine, Eskimo, Levine and Jor- 
gensen, Ixxvii 
Chlorophyll: Solutions, light ab- 
sorption, Mackinney, 315 
Cholesterol: Colloidal solution, 
aqueous, autoxidation, Winter- 
steiner and Bergstrim, exli 
Metabolism, diet effect, Treadwell 
and Eckstein, 35 


—, liver autolysis, Sperry and 
Brand, 
Cholic acid: Decomposition, bac- 
terial, Schmidt and Green, exi 
Fate, Hughes, Ixiv 
Choline: Acetyl-, gastric ulcer pro- 
duction, effect, Tashiro, exxxi 


Biological relationships, Stetten, 
143 


Ethanolamine and, metabolism, 


isotopic nitrogen study, 
Sletten, CXXVii 
Gastric ulcer production, effect, 
Tashiro, CXXXi 
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Choline—continued: 

Synthesis, biological, methionine 
methyl group, réle, du Vi- 
gneaud, Cohn, Chandler, 
Schenck, and Simmonds, 625 

Chondrosin: Levene, 267 

Chorioid plexus: Enzymes, oxida- 

tive, Friedenwald and Herr- 

mann, xliii 

Ciliary body: Enzymes, oxidative, 
Friedenwald and Herrmann, 

xliii 

Cirrhosis: Liver, diet deficiency, 

Lillie, Daft, and Sebrell, exlvi 

—, protein diets, effect, Blumberg 


and Grady, XV 
Citrulline: Arginine, conversion, 
Borsook and Dubnoff, XViil 


Clostridium tetani: Growth require- 
ments, Mueller and Miller, 933 
Coagulation: See also Anticoagulant 
Cobalt: Hemoglobin formation, pro- 
tein-low diet, effect, Orten, c¢ 
Coenzyme: Tissue, Handler and 
Dann, 739 
Creatine: -Creatinine excretion, vi- 
tamin injection effect, Pizzo- 
lato and Beard, cii 
Excretion, intestinal, and decom- 
position, nephrectomy effect, 
Bodansky, Duff, and Mc Kinney, 
365 

Liver, formation from glycocya- 
mine, nephrectomy effect, Bo- 
dansky, Duff, and McKinney, 
365 

Synthesis, biological, methionine 
methyl group, réle, du Vi- 
gneaud, Cohn, Chandler, 
Schenck, and Simmonds, 625 
Creatinine: Creatine-, excretion, 
vitamin injection effect, Pizzo- 
lato and Beard, cil 
Excretion, intestinal, and decom- 
position, nephrectomy effect, 
Bodansky, Duff, and Mc Kinney, 
365 


Crop sac: Response, prolactin effect, 
Bates and Riddle, exlili 
Cucumber: Virus, amino acids, 
aromatic, Knight and Stanley, 
lxx 

Cucurbit: Seed, globulins, Vickery, 
Smith, Hubbell, and Nolan, 613 
—,—,amino acids, Vickery, 
Smith, Hubbell, and Nolan, 613 
—,—, nutrition value, Vickery, 
Smith, Hubbell, and Nolan, 613 
Cysteine: Determination, colori- 


metric, micro-, Vassel, 323 
Hydrogen sulfide production, 
liver, Smythe, 
Oxidation, enzyme, liver, Medes 
and Floyd, Ixxxviii 
Cystine: Determination, colori- 
metric, micro-, Vassel, 323 


—, Vickery-White, Graff modifi- 
cation, Schultz and Vars, exiii 
Oxidation, enzyme, liver, Medes 


and Floyd, Ixxxviii 
Pepsin, crystalline, Sullivan and 
Goldberg, CXxix 
Spermatozoa, Zittle and O’ Dell, 
899 


Wool chemical constitution, réle, 
Geiger, Patterson, and Harris, 
xliv 

Cystinuria: Hess and Sullivan, |x 
Cytochrome: c, iron determination, 
micro-, Drabkin, 387 

—, spectrophotometric constants, 
Drabkin, 373 

—, tumor tissue, determination, 
Potter and DuBois, cil 


D 

Dalmatian dog: Respiratory quo- 
tient, Carpenter and Trimble, 
Xxili 

Dehydrogenase: Succinic, pheno- 
thiazone, inhibition, Collier and 
Allen, 675 
Dehydroisoandrosterone : Deter- 
mination, polarographic, Hersh- 
berg, Wolfe, and Fieser, 215 
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Dermatitis: Rat, related factors, 
Richardson and Hogan, evi 
Desulfurase: Laskowski and Froma- 
geot, 663 
Deuterium: /(+)-Lysine stability, 
study with, Weissman and 
Schoenheimer, 779 
Diabetes: Blood serum sodium and 
potassium, juveniles, Smelo and 


Shinn, CXvii 
Glucose injection, disposition, 
Sayers and Orten, ex 
Diatom: Pigments, Pace, 483 


Dibenzanthracene: ‘Tissue vitamin 
A, effect, Baumann and Foster, 


xii 


Diet: Bone lipids, relation, Newlin 


and McCay, xeVvii 
Liver cirrhosis, effect, Lillie, 
Daft, and Sebrell, exlvi 


Nitrogen retention, hyperthyroid- 
ism, effect, Deatherage, Ca- 
rothers, and Spooner, XXXii 

Dihydrotachysterol: Blood serum 
calcium, diffusible, hypopara- 
thyroidism, administration, 
Todd, CXXXiii 

Dihydroxymaleic acid: Oxidase, en- 


| 


zyme-substrate compounds, 
kinetics, Chance, XXiV 
Diiodotyrosine: Blood plasma, 


turnover, thyrotropic hormone | 
effect, radioactive iodine as in- | 


dicator, Morton, Perlman, and 
Chaikoff, 603 
Thyroid, turnover, thyrotropic 
hormone injection effect, radio- 
active iodine as_ indicator, 
Morton, Perlman, and Chaikoff, 
603 

Dimethyl-s-methylglucoside: 2,4-, 
synthesis, Adams, Reeves, and 
Goebel, 653 
Diphosphothiamine : Functions, 
Barron, Lyman, Lipton, and 
Goldinger, i 


xi | 


Index 


Drosophila: hormone, identifica- 
tion, Tatum and Haagen-Smit, 


575 

E 
Egg: Proteins, carbohydrate group, 
Levene, 279 


Egg albumin: Precipitation, alcohol 
and acetone effect, Hendriz, 
Calvin, and Walker, 
Egg white: Protein, injury-produe- 
ing, concentration and assay, 
Eakin, Snell, and Williams, 
535 
Electrolyte(s): Heart, hypertrophy- 
ing, Hitchings and Wearn, Ilxi 
Muscle, skeletal, available fluid, 
and blood plasma, exchange, de- 
hydration, Mellors, Muntwyler, 
and Mautz, Ixxxix 
—, —, hydronephrosis, potassium 
salts, injection effect, Eichel- 
berger, xxxv, 467 
Embryo: Chick, nicotinic acid syn- 
thesis, Dann and Handler, 935 
Opossum, blood cells, red, size, 
liver extract effect, Hays and 
Last, lv 

Energy: Output, Beard, exliv 


| Enzyme(s): Blood serum, pneumo- 


coccus-infected dogs, effect, 
Crossley, Kienle, Vassel, and 
Christopher, XXXi 


Cystine and cysteine oxidation, 
liver, Medes and Floyd, 
]xxxviil 
Glucose-6-phosphate conversion 
to glycogen, Sutherland, Colo- 
wick, and Cori, 309 
Oxidative, ciliary body and cho- 
rioid plexus, Friedenwald and 
Herrmann, xliii 
Pasteur, yeast respiratory fer- 
ment, relation, Melnick, xe 
Roentgen rays, effect, Boyd, Kers- 
ten, and Tytell, xix 


Subjects 967 


Enzyme (s)—continued : 
See also Anhydrase, Carboxylase, 


Dehydrogenase, 


Ficin, Hexokinase, Hyaluroni- 


dase, Invertase, Oxidase, Pep- 
sin, Peroxidase, Phosphorylase, 
Suecinoxidase, Urease 
Erythrocyte(s): See Blood cell, red 
Eskimo: Blood and urine chlorides, 
Levine and Jorgensen, \xxvii 
Estradiol: a-, estrone, conversion, 


Fish and Dorfman, 83 
—, metabolism, Fish and Dorf. 
man, xl 
Estrone, conversion, Heard and 
Hoffman, lv 


Estrogen(s): Assay, mouse uterine 
weight, Evans and Varney, 


XXXViil 
Estrone: a-Estradiol conversion, 
Fish and Dorfman, 83 | 
Estradiol conversion, Heard and 
Hoffman, lv 
Metabolism, Fish and _ Dorf- 
man, xl 
Oxidation, hydrogen peroxide, 
Westerfeld, CXXXVili 
Thyroid, effect, Gustavson, Koe- 
nig, and Gassner, xlix 


Desulfurase, | 


Ethanolamine: Biological relation- | 


ships, Slelten, 143 
Choline and, metabolism, isotopic 
nitrogen in study, Stetlen, 


CXXVIi 
Ether: Vapor, anesthetic concentra- | 
tion, Harger, Hulpieu, Gatch, | 


and Forney, lii 
Exercise: Capacity, adolescents, 
Morse, Schlutz, Cassels, Buck- 


lin, and Miller, 
Extracellular fluid: Brodie, Fried- 
man, and Ferraro, XXi 


Eye: Tryptophane-deficient diet 
effect, Totter and Day, exxxiv 


F 


Fasting: Blood serum magnesium 
and phosphatase, effect, Snyder 
and Tweedy, 

Lipids, Hodge, MacLachlan, 
Bloor, Stoneburg, Oleson, and 


Whitehead, Ixii 
Liver protein, Schultz and Vars, 
exii 


Fat(s): Absorption, adrenals and, 
Barnes, Miller, and Burr, 241 
—, fatty acids, essential, de- 
ficiency, Barnes, Miller, and 
Burr, 773 
Feces, variation, extraction 
methods, effect, Kaye, Kraus, 
Leibner, and Sobel, Ixvii 
-High diet, cholesterol metab- 
olism, effect, Treadwell and 
Eckstein, 35 
Liver, calcium pantothenate and 
vitamin B factors, effect, Engel, 
XXXVii 

— transport, adrenals, effect, 
Barnes, Miller, and Burr, 247 
-Low diet, cholesterol metab- 
olism, effect, Treadwell and 
Eckstein, 35 
— ration, carotene and vitamin A 
absorption and retention, Rus- 
sell, Taylor, Walker, and Pol- 
skin, cix 
Metabolism, carbon tetrachloride 
poisoning, relation, Forbes, 
Leach, and Outhouse, xli 
Fatty acid(s): Absorption, intestinal 
mucosa, Barnes, Miller, and 
Burr, 233 
—, portal, Winter and Crandall, 97 
Essential, deficiency, fat absorp- 
tion, Barnes, Miller, and Burr, 
773 

Transport, intestinal mucosa, 
Barnes, Miller, and Burr, 233 
Unsaturated, hemin and hemo- 
globin destruction, Haurowitz, 
Schwerin, and Yenson, 353 
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Feces: Fat variation, extraction 
methods, effect, Kaye, Kraus, 
Leibner, and Sobel, Ixvii 

Feed: Utilization, grinding effect, 
Heller, Wall, and Briggs, vii 

Fermentation: Biotin réle, Burk, 
Winzler, and du Vigneaud, xxi 

Ficin: Anthelmintic, Andrews and 


Cornatzer, iv 
Fish: Anemia factor, Simmons and 
Norris, 679 


See also Jellyfish 
Fluorinated compound(s): Organic, 
basal metabolism, effect, Boyer, 


Evans, and Phillips, Xx 

—, toxicity, Boyer, Evans, and 
Phillips, XX 
Fluorine: Biological materials, de- 
termination, Armstrong, v 
Dental caries, effect, McClendon 
and Foster, Ixxxv 


Phosphorus metabolism, rickets, 
effect, Morgareidge, Alling, and 


Ellison, xciil 
Fusarium lini: Dehydrogenation 
mechanism, Goepfert, 525 
G 

Galactose: Tolerance, Hill and 
Koehler, Ixi 

Gastric: See Stomach 
Globulin(s) : Cucurbit seed, 
Vickery, Smith, Hubbell, and 
Nolan, 613 
——, amino _ acids, Vickery, 


Smith, Hubbell, and Nolan, 613 
—-—, nutrition value, Vickery, 
Smith, Hubbell, and Nolan, 613 
Glucose: Absorption, temperature 
effect, Rafferty and Mac Lachlan, 
167 

Blood pyruvate, thiamine defi- 
ciency, ingestion effect, Bued- 
ing, Stein, and Wortis, 697 
sugar, temperature effect, Raf- 
ferty and MacLachlan, 167 


| 


Glucose—continued: 
Diabetes, injection, disposition, 
Sayers and Orten, ex 


Liver glycogen, temperature ef- 
fect, Rafferty and Mac Lachlan, 

167 

Glucose - 6 - phosphate: Glycogen, 
conversion, enzymatic, Suther- 
land, Colowick, and Cori, 309 
Glucoside : 2, 4-Dimethy|-3-methyl-, 
synthesis, Adams, Reeves, and 
Goebel, 653 
Glutamic acid: Hydroxy-, milk 
proteins, Nicolet and Shinn, 
X¢Viii 

Glutaric: a-Keto-, carboxylase, tis- 
sue, Green, Westerfeld, Vennes- 
land, and Knoz, 683 
Glutathione: Aspartic acid ana- 
logue, synthesis, Miller, Beh- 


rens, and du Vigneaud, 411 
Glyceraldehyde(s): Acetone-, Baer 
and Fischer, 397 
Optically active, Baer and 
Fischer, 397 
Glycerides: Optically active, Baer 
and Fischer, 397 


Glycine: Nutrition, chick, dle, 
Hegsted, Briggs, Elvehjem, and 
Hart, 191 

Glycocyamine : Liver creatine forma- 
tion from, nephrectomy effect, 
Bodansky, Duff, and Mc Kinney, 


365 
Metabolism, nephrectomy effect, 
Bodansky and Duff, xvi 


Glycogen: (jlucose-6-phosphate con- 
version, enzymatic, Sutherland, 
Colowick, and Cori, 309 

Liver, temperature effect, glucose 
and starch administration, Raf- 
ferty and Mac Lachlan, 167 

Glyconeogenesis: Kidney, adrenal- 

ectomy effect, Russell and Wil- 


helmi, 747 
Gold: Body, fate, Block and Bu- 
chanan, XiV 
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Gonadotropic activity: Hypophyses, 
changes, Beach and Koch, xiii 
Grinding: Feed utilization, effect, 
Heller, Wall, and Briggs, \vii 
Growth: Brain lipids, deposition 
and metabolism, effect, Waelsch, 
Sperry, and Stoyanoff, 885 
Factor, Lactobacillus casei, chick 
nutrition, relation, Hutch- 
ings, Bohonos, Hegsted, Elve- 


hjem, and Peterson, 681 
—, —-—, identification, Feeney 
and Strong, XXXVili 


Streptococcus, blood, sulfathia- 
zole effect, Hamilton and Was- 
son, p. 1 


Heart: Electrolytes, hypertrophy 
effect, Hitchings and Wearn, 


Ixi 

Hemicellulose(s) : Polyuronide, 
white pine, Anderson, Kessel- 
man, and Bennett, 563 


Hemin: Derivatives, spectrophoto- 
metric constants, Drabkin, 373 
Destruction, fatty acids, unsatu- 
rated, and oxygen, effect, Hau- 
rowitz, Schwerin, and Yenson, 


353 
Iron determination, micro-, Drab- 
kin, 387 


Hemoglobin: Destruction, fatty 
acids, unsaturated, and oxygen, 
effect, Haurowitz, Schwerin, and 


Yenson, 353 
Formation, protein-low diet, co- 
balt effect, Orten, 
Met-, reduction, ascorbic acid, 
Vestling, CXXXV 
Methemoglobin reversion rate, 
Coz and Wendel, XXxi 


Hemorrhage: Vitamin K, prenatal 
administration, effect, Mull, 
Bill, and Skowronska, xev 


Heptanoic acid: 2-Methyl-, 4-meth- 
ylnonanoic acid, configurational 
relationship, Levene and Kuna, 

255 

Hexokinase: Protein, heat-stable, 
activating, preparation, Colo- 
wick and Kalckar, XXix 

Hexylresorcinol: Catalyzed reac- 
tions, effect, Horwitt and Simon, 

Ixiii 

Histamine: Carbonic anhydrase ac- 
tivation, Main and Locke, 1xxxi 

Hyaluronidase(s): Animal and bac- 
terial, Meyer and Chaffee, xci 

Hydrocarbon(s): Tumor production, 


Shear and Leiter, 
Hydrogen sulfide: Cysteine, produc- 
tion, liver, Smythe, exviii 


Hydronephrosis: Muscle water and 
electrolytes, effect, Eichel- 
berger, xxxv, 467 

Hydroxyamino acid(s): O-Acetyl de- 
rivatives, preparation, Toen- 
nies, Sakami, and Kolb, exxxiii 

Methylation, betaine formation, 
Dakin, 847 

Hydroxy-y-benzylthiobutyric acid: 
dl-a-, metabolism, Stekol, 827 

Hydroxy-8-benzylthiopropionic acid: 
dl-a-, metabolism, Stekol, 827 

l-a-, metabolism, Stekol, 827 

Hydroxybutyric acid: 8-, concentra- 
tion and utilization rate, rela- 
tion, Nelson, Grayman, and 
Mirsky, 361 

Hydroxyglutamic acid: Milk pro- 
teins, Nicolet and Shinn, xeviii 

Hydroxy group(s): Amino acids, de- 
termination, Toennies, Sakami, 


and Kolb, CXXXili 
Hydroxynicotinic acid: 2-, oxida- 
tion, liver, Bernheim, xiv 
Hydroxy steroid(s): Esters, colored, 
Coffman, XXViii 


Hydroxy-A*-steroid(s): 3-, determi- 
nation, polarographic, Hersh- 
berg, Wolfe, and Fieser, 215 


| 

| 
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Hydroxy-y-thiobutyric acid: dl-a-, 
S-benzyl derivatives, metab- 
olism, Stekol, CXXV 

Hyperthyroidism: Nitrogen reten- 
tion, diet effect, Deatherage, 
Carothers, and Spooner, xxxii 

Hypervitaminosis: D, and D,, vita- 
min A effect, Morgan, Hend- 
ricks, and Freytag, x¢ii 

Hypoparathyroidism: Blood serum 
calcium, diffusible, parathor- 
mone, dihydrotachysterol, and 
vitamin D _ administration, 
Todd, CXXXili 

Hypophysis: Blood serum protein 
metabolism, effect, Levin and 


Leathem, Ixxvi 
Gonadotropic activity, changes, 
Beach and Koch, xiii 

I 
Indole: Brain oxidation, effect, 
Stotz and Hutchinson, eXxxvii 


Infectious disease(s): Chemistry, 
Crossley, Kienle, Vassel, and 


Christopher, XXXi 
Inositol: Determination, Woolley, 
453 

Specificity, biological, Woolley, 
461 


Insulin: Electrophoresis, Hall, 671 
Interstitial cell-stimulating hor- 
mone: Biochemistry, Chow, van 
Dyke, Greep, Rothen, and Shed- 
lovsky, XXVi 
Intestine: Mucosa, fatty acid ab- 
sorption and transport, Barnes, 
Miller, and Burr, 233 
Invertase: Purification, bentonite 
use, Adams and Hudson, iii 
Iodine: Blood, Man, Lavietes, and 


Riggs, Ixxxii 
Cerebrospinal fluid, Man, La- 
vietes, and Riggs, Ixxxii 


Metabolism, radioactive iodine as 


indicator, Morton, Perlman, and | 


Chaikoff, 603 


Iodine—continued: 

Radioactive, iodine metabolism 
indicator, Morton, Perlman, and 
Chaikoff, 603 

—, thyroxine and diiodotyrosine 
turnover, thyroid and _ blood 
plasma, thyrotropic hormone 
effect, indicator for, Morton, 
Perlman, and Chaikoff, 603 

Ultrafiltrates, Man, Lavietes, and 


Riggs, Ixxxii 
Iodoacetic acid: Poisoning, phospho- 
lipids, Sinclair, exvi 


Ion(s): Blood-cerebrospinal fluid 
permeability, radioactive iso- 
topes in study, Greenberg, Aird, 
Boelter, Campbell, Cohn, and 
Murayama, xl viii 

Stomach wall, transfer, radio- 
active isotopes in study, Eisen- 
man, Smith, Winkler, and El- 


kinton, XXXV 
Iron: Cytochrome c, determination, 
micro-, Drabkin, 387 
Hemin, determination, micro-, 
Drabkin, 387 
Muscle, heat effect, Oldham and 
Schlutz, 


Isotope (s): Radioactive, blood-cere- 
brospinal fluid permeability, 
ions, study by, Greenberg, Aird, 
Boelter, Campbell, Cohn, and 
Murayama, xl viii 

—,ion transfer, stomach wall, 
study by, Eisenman, Smith, 


Winkler, and Elkinton, XXXV 
—, selenium excretion, respira- 
tory, McConnell, Ixxxv 

J 
Jellyfish: Proteins, extraction, 
Ferry, XXXIX 

K 


Keto acid(s): Biological material, 
determination, Sealock and 
Scherp, exiv 

Excretion, Waelsch, 313 
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Ketoglutaric carboxylase: a-, tissue, 
Green, Westerfeld, Vennesland, 
and Knox, 683 

Ketone: «,8-Unsaturated, adrenal, 
isolation, Pfiffner and North, 


161 

Ketone body: Determination, 
micro-, Weichselbaum and So- 
mogy?, 5 


Ketonuria: Endogenous, Deuel and 


| 


Hallman, 545 | 
Ketosis: Deuel and Hallman, 545 | 


Ketosteroid(s): (Carbonyl groups, 
determination, gravimetric, 
Hughes, 21 

Kidney: Calculi, phosphatic, solu- 


bility, McCullagh, Throckmor- 


ton, and Higgins, IXxxvi 
Glyconeogenesis, adrenalectomy 
effect, Russell and Wilhelmi, 


747 
See also Hydronephrosis, Ne- 
phrectomy 
L 
Lactation: Essential factor, Sure, 
CXXX 


Lactic acid: Bacteria, growth, man- 
ganese relation, Woolley, 311 
Fermentation, abnormal prod- 
ucts, substrate influence, John- 
son, Koepsell, and Fontaine, 


Ixvi 
l-Thio-, S-benzyl derivatives, me- 
tabolism, Stekol, CXXV 


Lactobacillus casei: Growth factor, 
chick nutrition, relation, Hutch- 
ings, Bohonos, Hegsted, Elvehjem, 
and Pelerson, 681 

Growth-stimulating substances, 
identification, Feeney and 
Strong, XXXViii 


Lactogenic hormone: Pituitary, Li, 
Lyons, and Evans, 43 

—, molecular weight, Li, Lyons, 
and Evans, 43 


Lanthionine: Stereoisomeric forms, 

Brown and du Vigneaud, 767 

Lead: Blood and bone, calcium, 

phosphorus, and vitamin D 

effect, Sobel, Yuska, and 

Kramer, 

Poisoning, protein intake effect, 
Baernstein, Grand, and Neal, 

Vili 

Lead acetate: Liver oxygen uptake, 
effect, Baernstein and Grand, 


285 

Light: Absorption, chlorophyll solu- 
tions, Mackinney, 315 
Linoleic acid: Acrodynia, effect, 
Salmon, cix 


| Linoleic ester: Carotene stabiliza- 


tion, Quackenbush, Cox, and 
Steenbock, civ 
Lipid(s): Blood plasma, distribution 
and characterization, Kelsey 
and Longenecker, Ixix 
Body, sex differences, Loeb and 
Burr, Ixxx 
Bone, diet relation, Newlin and 
McCay, xevii 
Brain, deposition, growth and 
myelination effect, ‘aelsch, 
Sperry, and Sloyanoff, 885 
—, metabolism, growth and mye- 
lination effect, Waelsch, Sperry, 


and Stoyanoff, 885 
—,—, young, Waelsch and Sperry, 
CXXXvii 


—, partition, Williams, Kaucher, 
Galbraith, Segaloff, and Nelson, 


exl 

—, proteins, relationship, Aond- 
ritzer, Ixxi 
Denaturation, x-ray studies, 


Spiegel-Adolf and Henny, exxiii 


Fasting, Hodge, MacLachlan, 
Bloor, Stoneburg, Oleson, and 
Whitehead, Ixii 


Liver, ultraviolet absorption spec- 
trum, Barnes, Miller, Rusoff, 
Loeb, and Burr, x 
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Lipid(s) —continued: 


Spermatozoa, Zittle and O'Dell, — 


899 


Synthesis, biotin effeet, McHenry | 


and Gavin, Ixxxvii 
Tubercle bacillus, chemistry, 

Peck and Anderson, 89 
— —, derivatives, x-ray studies, 

Spiegel-Adolf and Henny, 


CXXii 


Lipotropic action: Sulfur-containing 
amino acids, Singal and Eck- 


stein, 27 | 
Liver: Autolysis, cholesterol me- | 


tabolism, Sperry and Brand, 


CXXxi 


vi, 725 


Biotin, isolation, du Vigneaud, 
Hofmann, Melville, and Gyérgy, 


643 
Cirrhosis, diet deficiency, Lillie, 
Daft, and Sebrell, exlvi 


—, protein diets, effect, Blum- | 


berg and Grady, xv 


Creatine formation from glyco- | 


eyamine, nephrectomy effect, 


Bodansky, Duff, and Mc Kinney, 


365 

Cysteine, hydrogen sulfide pro- 

duction, Smythe, exviii 

Cystine and cysteine oxidation, 
enzyme, Medes and Floyd, 

IXxxviii 

Disease, blood serum protein de- 


terminations, Kingsley, Ixix | 


Extract, blood cells, red, size, 


opossum embryo, effect, Hays | 


and Last, lv 
Fat, calcium pantothenate and 
vitamin B factors, effeet, Engel, 
XXXVii 

— transport, adrenals, effect, 
Barnes, Miller, and Burr, 247 
Glycogen, temperature effect, glu- 
cose and starch administration, 
Rafferty and MacLachlan, 167 
2-Hydroxynicotinie acid oxida- 
tion, Bernheim, xiv 


| Liver—continued: 

Lipids, ultraviolet absorption 

spectrum, Barnes, Miller, 
Rusoff, Loeb, and Burr, x 

Nucleoprotein, fasting, Schultz 
and Vars, exii 

Oxygen uptake, lead acetate 


effect, Baernstein and Grand, 
285, vii 

Protein, fasting, Schultz and Vars, 


Proteins, electrophoresis, Luck, 
Nimmo, and Alvarez-Tostado, 

Ixxxi 

Xanthine’ oxidase, riboflavin 
effeet, Azelrod and Elvehjem, 


Lung: Protein, thromboplastie, 
electrophoresis, Cohen and 
Chargaff, 689 

—, —, phospholipids, Cohen, 
XXIX 

Lysine: di-, metabolism, Bulls and 

Sinnhuber, 597 
1(+)-, isolation, Aurtz, 705 
—, stability, deuterium and heavy 

nitrogen in study, Weissman 

and Schoenheimer, 779 


Magnesium: Blood serum, magne- 
sium-deficient diet and fasting, 
effect, Snyder and Tweedy, exx 

-Deficient diet, blood serum mag- 
nesium and phosphatase, effeet, 


Snyder and Tweedy, CXX 

| Malaria: Parasites, metabolism, 
Wendel, CXXXVill 
Maleic acid: Dihydroxy-, oxidase, 
enzyme-substrate compounds, 
kinetics, Chance, XXiV 
Maltose: Tolerance, Hill and Koeh- 
ler, Ixi 


Manganese: Lactic acid bacteria, 
growth, relation, Woolley, 311 
Meat: Autolysis, Balls, Gottschall, 
and Kies, ix 
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Metakentrin: Biochemistry, Chow, Molybdic acid: Silico-, ascorbic 
van Dyke, Greep, Rothen, and — acid, reduction, Levine and 
Shedlovsky, XXVi | Rosler, Ixxviii 
Metathrombin: Blood, circulating, | Morphine: Derivatives, chemical 
Quick, exlvi constitution, urine excretion 
Methemoglobin: Hemoglobin, rever- | form, relation, Oberst, —_xeviii 
sion rate, Cor and Wendel, Mosaic: Tobacco, virus, amino 
XXXi acids, aromatic, Anight and 
Reduction, ascorbie acid, Vest- Stanley, Ixx 
ling, CXXXV —,—, antiserum and, reaction, 
Methionine: Jennies and Kolh, electron microscope study, 
131 | Anderson and Stanley, iii 
Metabolism, tissue, Borek and | ——, denaturation, Lauffer and 
Waelsch, XVli Dow, 509 
Methyl group, choline synthesis, | Mucilage: Wheat, Indian, Anderson, 
biological, réle, du Vigneaudl, Gillette, and Seeley, 569 
Cohn, Chandler, Schenck, and | wyeuys: Stomach, secretion, Hol- 
Simmonds, 625 lander and Felberg, Ixii 
——, creatine synthesis, biologi- | Muscle: Denervated, phospholipid 
eal, réle, du Vigneaud, Cohn, metabolism, Artom, vi 
Chandler, Schenck, and Sim- Iron, heat effect, Oldham and 
monds, 625 Schlutz, xeix 
Methionine sulfone: di-, Toennies Phospholipid metabolism, Artom, 
and Kolb, 131 vi 
Methylheptanoic acid: 2-, 4-methyl- Skeletal, available fluid, and 
nonanoie acid, configurational blood plasma, electrolyte and 
relationship, Levene and Kuna, water exchange, dehydration, 
255 Mellors, Muntwyler, and Mauiz, 
Methylnonanoic acid: 4-, 2-methyl- Ixxxix 
heptanoie acid, configurational —, electrolytes, hydronephrosis, 
relationship, Levene and Kuna, potassium salts, injection effect, 
255 Eichelberger, xxxv, 467 
Milk: Derivatives, nicotinie acid —, water, hydronephrosis, potas- 
determination, chemical, Noll sium salts, injection effect, 
and Jensen, 755 Eichelberger, XXXV, 467 
Dry, solids, vegetables and, cal- See also Heart 
cium utilization, Shields and | Mycolic acid: Phlei-, tubercle bacil- 
Mitchell, CXV lus, Peck and Anderson, 89 
Nicotinie acid determination, | Myelination: Brain lipids, deposi- 
chemical, Noll and Jensen, 755 tion and metabolism, effect, 
Proteins, hydroxyglutamic acid, Waelsch, Sperry, and Stoyanoff, 
Nicolet and Shinn, xeviil | 885 
Thiamine, free and combined, 
Halliday and Deuel, 555 | N 
Mitochondria: Oxygen uptake, | Narcosis: Brain respiration and, 


Lazarow, Ixxv Hutchinson and Stotz, Ixv 
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Narcotic(s): Brain oxidation, effect, 
Stotz and Hutchinson, exxvii 
Nephrectomy: Creatine excretion, 
intestinal, and decomposition, 
effect, Bodansky, Duff, and 
Mc Kinney, 365 
Creatinine excretion, intestinal, 
and decomposition, effect, Bo- 
dansky, Duff, and Mc Kinney, 


365 
Glycocyamine metabolism, effect, 
Bodansky and Duff, xvi 


Liver creatine formation from 
glycocyamine, effect, Bodansky, 
Duff, and Mc Kinney, 365 

Nicotinic acid: Chick embryo, syn- 
thesis, Dann and Handler, 935 
Derivatives, metabolism, Perlz- 


weig, Sarett, and Huff, e 
Determination. microbiological, 
Snell and Wright, CXIX 
2-Hydroxy-, oxidation, _ liver, 
Bernheim, Xiv 


Milk derivatives, determination, 
chemical, Noll and Jensen, 755 
—, determination, chemical, Noll 
and Jensen, 755 
Tissue, Handler and Dann, 739 
—, animal, determination, Dann 
and Handler, 201 
Handler and Dann, li 
Urine thiamine determination, 
thiochrome method, ingestion 
effect, Mason and Williams, 
417 
Nitrogen: Heavy, /(+)-lysine sta- 
bility, study with, Weissman 
and Schoenheimer, 779 
Isotopic, choline and ethanol- 
amine metabolism, study with, 
Stetten, CXXVii 
Metabolism, thiamine, riboflavin, 
and pyridoxine deficiencies, 


| Nitrogen—-continued: 


| 
| 
| 


Sure and Ford, CXXX | 


Retention, hyperthyroidism, diet 
effect, Deatherage, Carothers, 
and Spooner, XXXii 


Spermatozoa, Zittle and O'Dell, 


899 

Storage, pituitary, anterior, 
preparations, mechanism, 
Gaebler and Robinson, xliv 
Urea, determination,  micro-, 
Bock, xv, 519 
Nitzschia closterium: Pigments, 
Pace, 483 


Nonanoic acid: 4-Methyl-, 2- 
methylheptanoic acid, configu- 
rational relationship, Levene 


and Kuna, 255 
Nucleic acid: Spermatozoa, Zitile 
and O' Dell, 899 


Thymo-, proteins, salts, and 
tissue extracts, interaction, 
Greenstein and Jenrette, xlix 

Tuberculin, isolation, electropho- 
retic, Seibert and Watson, 55 


Nucleoprotein: Liver, fasting, 
Schultz and Vars, exii 
Streptococcal, conjugation, Sevag 
and Smolens, 833 


Nutrition: Potassium effect, Orent- 
Keiles and McCollum, Ixviii 
Thiamine clearance, relation, Mel- 
nick and Field, xe 


Oak: Silk, flowers, 8-carotene 
source, Zechmeister and Polgdr, 

Oat: Juice extract, reproductive 
organs, effect, Gomez, Hart- 
man, Hall, and Dryden, xIvi 
Obituary: Rose, Mary Swartz, 
Sherman, 687 
Opossum: Embryo, blood cells, red, 
size, liver extract effect, Hays 
and Last, lv 
Oxidase: Dihydroxymaleic acid, 
enzyme-substrate compounds, 
kinetics, Chance, XXiV 
Succin-, tissue, calcium effect, 
Axelrod, Swingle, and Elvehjem, 

931 
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Oxidase continued: 
Xanthine, liver, riboflavin effect, 
Axelrod and Elvehjem, vi, 725 
Oxygen: Hemin and hemoglobin de- 
struction, effect, Haurowitz, 
Schwerin, and Yenson, 353 
Uptake, liver, lead acetate effect, 
Baernstein and Grand, 285, vii 
—, mitochondria and cell frag- 


’ 


ments, Lazarow, Ixxv 


P 


Pancreatic juice: Bicarbonate 
souree, Ball, Tucker, Solomon, 
and Vennesland, 119, viii 

Pantothenic acid: Acrodynia, effect, 
Salmon, cix 

Blood, Mammalia, Pearson, 423 
Distribution and stability, bio- 
logical materials, Strong, Earle, 
and Zeman, CXXViii 
Growth and maintenance effect, 
Morris and Lippincott, xciii 

Papilloma: Virus protein, molecular 
size, shape, and homogeneity, 
Neurath, Cooper, Sharp, Taylor, 
Beard, and Beard, 293 

Parathormone: Blood serum cal- 
cium, diffusible, hypoparathy- 
roidism, administration, Todd, 

CXXXiii 

Parathyroid: Blood calcium and 
inorganic phosphate, adminis- 
tration effeet, Logan, Christen- 
sen, and Kirklin, Ixxx 

Urine calcium and inorganic phos- 
phate, administration effect, 
Logan, Christensen, and Kirk- 
lin, Ixxx 

Pasteur enzyme: Yeast respiratory 
ferment, relation, Melnick, xe 

Pasteur reaction: Biotin réle, Burk, 
Winzler, and du Vigneaud, xxi 

Pellagra: Urine fluorescent sub- 


stances, Najjar and Holt, xevi 
Pepsin: Crystalline, cystine, Sul- 
livan and Goldberg, 


CXXiX 


| 
| 


Peptide(s): Synthesis, transamina- 
tion, Herbst and Shemin, _lix 
Peroxidase: Enzyme-substrate com- 
pounds, kinetics, Chance, xxiv 
High concentration, properties, 
Karush, Ixvi 
Phenothiazone: Succinic dehydro- 
genase inhibition, Collier and 
Allen, 675 
Phenylalanine: Metabolism, ascor- 
bie acid réle, Sealock, Per- 
kinson, and Basinski, 153 
Phleimycolic acid: Tubercle ba- 
cillus, Peck and Anderson, 89 
Phosphatase: Blood serum, mag- 
nesium-deficient diet and 
fasting, effect, Snyder and 
Tweedy, (Xxx 
Phosphate(s): Inorganic, blood and 
urine, thyroid and parathyroid 
administration effect, Logan, 
Christensen, and Kirklin, 
Sodium determination, effect, 
Sobel, Kraus, and Kramer, 501 
Phosphatide(s): Brain, serine 
isolation, Chargaff and Ziff, 927 
Phospholipid(s): Blood plasma, stil- 
bestrol effect, Flock and Boll- 


man, xl 
Iodoacetic acid poisoning, Sin- 
clair, 
Lung protein, thromboplastic, 
Cohen, XXiX 
Metabolism, muscle, normal and 
denervated, Artom, vi 
Spermatozoon motility, effect, 
Lardy and Phillips, Ixxiv 
Phosphorus: Blood and bone lead, 
effect, Sobel, Yuska, and 
Kramer, Xx 
— serum proteins, Green, Fahey, 
and Green, xlvii 
Metabolism, rickets, fluorine 
effect, Morgareidge, Alling, and 
Ellison, xeiii 


Radioactive, sphingomyelin turn- 
over, carcinosarcoma, study 
with, Haven and Levy,  exlv 


| 
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Phosphorus—continued: 
Spermatozoa, Zittle and O’ Dell, 


899 

Phosphorus compound(s): Brain, 
Kerr, 77 
Phosphorylase: Starch, Green and 
Stumpf, xl vii 


Pigment(s): Nitzschia closterium, 


| 
| 


Pace, 483 


Pine: White, hemicelluloses, poly- 
uronide, Anderson, Kesselman, 


and Bennett, 563 
Pituitary: Anterior, hormones, 
purification, Ciereszko and 
White, XXVii 


—, preparations, nitrogen storage, 
mechanism, Gaebler and Robin- 
son, xliv 

—, thyrotropic hormone, purifica- 
tion, White and Ciereszko, 


Lactogenic hormone, Li, Lyons, 

and Evans, 43 

— —, molecular weight, Li, 

Lyons, and Evans, 43 

Posterior, principles, separation, 

Potts and Gallagher, ciil 
Plantago fastigiata: See Wheat 

Plasmal: Waelsch, CXXXVi 


Pneumococcus: -Infected dogs, 
blood serum, denaturing agents 
and enzymes, effect, Crossley, 
Kienle, Vassel, and Christopher, 

XXXi 

Polysaccharide(s): Synthesis, strep- 


tococcus, Niven, Smiley, and | 


Sherman, 105 
Synthetic, Roentgen ray diffrac- 
tion, Bear and Cori, 111 


Tuberculin, isolation, electropho- 
retic, Seibert and Watson, 55 
Potassium: Blood cell, red, glyco- 


lysis and, Harris, liii 
— —, —, permeability, Aurnick, 
5S 1 


— serum, diabetes, juvenile, 


Smelo and Shinn, exvii | 


Potassium —continued: 

Bone, spectrochemistry, Stead- 
man, Hodge, and Horn, 71 
Nutrition effect, Orent-Keiles and 
McCollum, Ixviii, 337 
Tooth, spectrochemistry, Stead- 
man, Hodge, and Horn, 71 
Potassium salt(s): Muscle water 
and electrolytes, hydronephro- 

sis, effect, Eichelberger, 
XXXV, 467 
Pregnancy: Urine,  androstanol- 


3(8)-one, chemical constitution, 


Heard and Mc Kay, lvi 
Pregnanetriol-3(a),17,20: Prepara- 
tion, Hirschmann, 797 
Prolactin: Crop sac response, effect, 
Bates and Riddle, exliii 


Propionic acid: dl-a-Hydroxy-s- 
benzylthio-, metabolism, Stekol, 


827 
l-a-Hydroxy-8-benzylthio-, —me- 
tabolism, Stekol, 827 


Protein(s): Blood plasma, electro- 
phoresis, anticoagulants, effect, 
Chargaff, Ziff, and Moore, xxv 

—, regeneration, molecular, 
Schoenheimer, Heidelberger, Rit- 


tenberg, and Ratner, CXii 
— serum, cancer, Hanke and 
Kahn, exlv 


— —, carbohydrate and _phos- 
phorus, (Green, Fahey, and 
Green, xl vii 

— —, denaturation and reversal, 
Neurath, Cooper, and Erickson, 

xevi 

— —, determination, gravimetric, 
Robinson and Hogden,  evii, 853 

——., liver disease, determination, 
Kingsley, Ixix 

——, metabolism, hypophysis and 
adrenal eortex relation, Levin 


and Leathem, Ixxvi 
Brain, lipids, relationship, Aon- 
dritzer, Ixxi 


i 
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Protein (s)—continued: 

Calcium-, relationship, ultracen- 
trifuge studies, Chanutin, 
Ludewig, and Masket, XXV 

Crystalline, Roentgen rays, effect, 
Boyd, Kersten, and Tytell, xix 

Dietary, basal metabolism and 
thyroid disease, relation, Mar- 


ron and Weingart, Ixxxiii 
Diets, liver cirrhosis, effect, 
Blumberg and Grady, Xv 
Egg, carbohydrate group, Levene, 
279 


— white, injury-producing, con- 
centration and assay, Eakin, 
Snell, and Williams, 535 

Heat-stable, hexokinase-activat- 
ing, preparation, Colowick and 
Kalckar, XXiX 

Hydrolysates, fractionation, or- 
ganic solvents, Gilson, xlv 

Jellyfish, extraction, Ferry, 

XXXIX 

Lead poisoning, effect, Baernstein, 
Grand, and Neal, Vili 

Liver, electrophoresis, Luck, 
Nimmo, and Alvarez-Tostado, 


Ixxxi 

—, fasting, Schultz and Vars, 
exii 

-Low diet, hemoglobin formation, 
cobalt effect, Orten, 


Lung, thromboplastic, electro- 
phoresis, Cohen and Chargaff, 
689 
—,-—, phospholipids, Cohen, xxix 
Milk, hydroxyglutamie acid, 
Nicolet and Shinn, xevili 
Nucleo-. See Nucleoprotein 
Papilloma virus, molecular size, 
shape, and homogeneity, Neu- 
rath, Cooper, Sharp, Taylor, 
Beard, and Beard, 293 
Sulfhydryl groups, urease inac- 
tivation, relation, Hellerman, 
Deitz, and Chinard, lvii 


Protein(s) —continued: 
Thymonucleic acid, action, Green- 
stein and Jenrette, xlix 
Total, blood plasma and synthetic 
mixtures, molecular weights, 


Taylor and Keys, CXXxii 
Urine, determination, micro-, 
Price, civ 
Wool, acids, combination, Stein- 
hardt, CXXiv 
Prothrombin: Purification, Seegers 
and Smith, 677 
Purine(s): Determination, Hitch- 
ings and Fiske, 491 
Pyridoxine: Acrodynia, effect, 
Salmon, cix 
Deficiency, nitrogen metabolism, 
Sure and Ford, CXXX 


Pyruvate: Blood, glucose ingestion 
and thiamine deficiency, effect, 
Bueding, Stein, and Wortis, 

697 

Pyruvic carboxylase: Tissue, Green, 
Westerfeld, Vennesland, and 
Knoz, 683 


Q 


Quartz fiber: Balance, Lowry, 183 
Quinine: Blood, determination, 
photelometric, Ayker and Webb, 


Ixxiii 
Sulfapyridine conjugation, effect, 
Harned and Cole, liii 


Urine, determination, photelo- 
metric, Ayker and Webb, Ixxiii 


R 

Renal: See Kidney 
Reproductive organ(s): Oat juice 
extract effect, Gomez, Hartman, 
Hall, and Dryden, xlvi 
Respiratory quotient: Dalmatian 
dog, Carpenter and Trimble, 
Xxiii 
Riboflavin: Deficiency, nitrogen 
metabolism, Sure and Ford, 
CXXX 
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Riboflavin — continued: 
Distribution and stability, bio- 
logical materials, Strong, Earle, 


and Zeman, CXXVili | 


Liver xanthine oxidase, effect, 
Azelrod and Elvehjem, vi, 725 
Rickets: Phosphorus metabolism, 
fluorine effect, Morgareidge, 
Alling, and Ellison, x¢iil 
Roentgen ray(s): Enzymes, effect, 
Boyd, Kersten, and Tytell, xix 
Lipid denaturation, studies by, 
Spiegel-Adolf and Henny, 


eXxxiii 
Polysaccharides, synthetic, dif- 
fraction, Bear and Cori, 111 


Proteins, crystalline, effect, Boyd, | 


Kersten, and Tytell, xix 
Tubercle bacillus lipids, deriva- 


tives, Spiegel-Adolf and Henny, | 
CXxil | 


Rose, Mary Swartz: Obituary, 
Sherman, 687 
Ss 


Saliva: Group-specific substances, 
Landsteiner and Harte, 673 
Salt(s): Thymonucleic acid, action, 
Greenstein and Jenrette, xlix 
Sarcoma: Carcino-, sphingomyelin 
turnover, radioactive phos- 
phorus instudy, Haven and Levy, 
exlv 


Walker, supracorsin and vitamins, | 


effect, Beard and Coutolenc, 


Selachyl alcohol: Natural, configura- 
tion, Baer and Fischer, 397 


Selenium: Respiratory excretion, 
radioactive isotope in study, 
McConnell, Ixxxv 

Urine, Sterner and Lidfeldt, 
CXXVi 
Serine: Brain phosphatides, isola- 


tion, Chargaff and Ziff, 927 | 


Peptide combination, lability to 
alkali, Nicolet and Shinn, 685 


_ Serological reaction(s): Heat, Boyd, 


Xix 
Sex: Body lipids, differences, Loeb 
and Burr, Ixxx 


_ Silicomolybdic acid: Ascorbic acid, 
reduction, Levine and Rosler, 

| Ixxviij 
Silk oak: Flowers, 8-carotene 
source, Zechmeister and Polgér, 


l 

Sodium: Blood cell, red, permea- 
bility, Aurnick, 581 

— serum, diabetes, juveniles, 
Smelo and Shinn, CXVii 


Determination, phosphate _pres- 
ence, Sobel, Kraus, and Kramer, 
50! 


| Specific gravity: Blood serum al- 

bumin determination, Barbour, 

x 

~ — base, total, determination, 

Sunderman, CXXIX 
| Spectrophotometry: Drabkin, 

373, 387 

Spermatozoa: (Cystine, Zittle and 

O' Dell, 899 


Lipids, Zittle and O'Dell, 899 
Motility, phospholipid effect, 

Lardy Phillips, Ixxiv 
Nitrogen, Zittle and O'Dell, 899 
Nucleic acid, Zittle and O' Dell, 


899 
Phosphorus, Zittle and O'Dell, 
899 
Sulfur, Zittle and O' Dell, 89 


Sphingomyelin: Turnover, carcino- 
sarcoma, radioactive phosphorus 
instudy, Havenand Levy, exlv 

Starch: Absorption, temperature 
effect, Rafferty and Mac Lachlan, 

167 


Blood sugar, temperature effect, 
Rafferty and MacLachlan, 167 
Liver glycogen, temperature ef- 
feet, Rafferty and Mac Lachlan, 
167 
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Starch continued: 
Phosphorylase, Green and Stumpf, 
xl vii 
Steroid(s): Hormones, determina- 
tion, colorimetric, Mather, 


Ixxxiv 

—, metabolism, Fish and 
Dorfman, 83 
3-Hydroxy-a°-, determination, 
polarographic, Hershberg, 
Wolfe, and Fieser, 215 
Hydroxy, esters, colored, Coff- 
man, XXVili 


Keto-, carbonyl groups, deter- 
mination, gravimetric, Hughes, 


21 
Sterol(s): Metabolism, Treadwell 
and Eckstein, 35 


Stilbestrol: Blood plasma phospho- 
lipids, effect, Flock and Boll- 


man, xl 
Thyroid, effect, Gustavson, 
Koenig, and Gassner, xlix 
Stomach: Mucus secretion, Hol- 
lander and Felberg, Ixii 
Uleer, choline and acetylcholine, 
effect, Tashiro, CXXXi 


Wall, ion transfer, radioactive 
isotopes in study, Eisenman, 
Smith, Winkler, and Elkinton, 

XXXV 

Streptococcus: Blood, growth, sul- 
fathiazole effect, Hamilton and 
Wasson, p. 1 

Nucleoprotein, conjugation, Sevag 
and Smolens, 833 

Streptococcus bovis: Polysaccharide 
synthesis, Niven, Smiley, and 


Sherman, 105 
Streptococcus salivarius: Polysac- 
charide synthesis, Niven, 
Smiley, and Sherman, 105 


Succinic dehydrogenase: Pheno- 
thiazone, inhibition, Collier and 
Allen, 675 


| 


Succinoxidase: Tissue, calcium ef- 
fect, Axelrod, Swingle, and 
Elvehjem, 931 

Sugar(s): Blood. See Blood sugar 

Oxidation, brain, Bernheim and 
Bernheim, 441 

Sulfanilamide: Acid-base equilib- 
rium, effect, Free, Bowman, 
Davies, and Myers, xlii 

Action, chemical compounds, ef- 
fect, Raiziss, Severac, and 
Moetsch, ev 

Sulfapyridine: Action, chemical 
compounds, effect, Raiziss, 
Severac, and Moetsch, cv 

—, mechanism, Dorfman, Rice, 
and Koser, XXXili 
Conjugation, quinine and ata- 
brine effect, Harned and Cole, 


liii 

Sulfathiazole : Streptococcus 
growth, blood, effeet, Hamilton 
and Wasson, p. | 


Sulfhydryl group(s): Protein, urease 
inactivation, relation, Heller- 
man, Deitz, and Chinard, vii 

Sulfur: -Containing amino acids, 
lipotropie action, Singal and 


Eckstein, 27 
Spermatozoa, Zittle and O'Dell, 
899 
Supracorsin: Sarcoma, Walker, 
vitamins and, effect, Beard and 
Coutolenc, xiii 

T 


Temperature: Environmental, blood 
sugar, liver glycogen, and ab- 
sorption, glucose and starch 
administration, effect, Rafferty 
and MacLachlan, 167 

Testosterone: Determination, 
colorimetric, Koenig, Szego, and 
Samuels, Ixxi 
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Thiamine: Clearance, nutrition, 


Melnick and Field, xe 
Combined, milk, Halliday and 
Deuel, 555 


Deficiency, blood pyruvate, glu- 
cose ingestion effect, Bueding, 


Stein, and Worlis, 697 
—, nitrogen metabolism, Sure 
and Ford, 


Diphospho-, functions, Barron, 
Lyman, Lipton, and Goldinger, 


xi 

Exeretion, Smith, Otis, and 
Spector, exviii 
Free, milk, Halliday and Deuel, 
555 


Urine, determination, thiochrome 
method, nicotinic acid ingestion 
effect, Mason and Williams, 417 

Thiocyanate: Biological fluids, de- 
termination, Chesley, 135 
Thiolactic acid: /-, S-benzyl deriva- 
tives, metabolism, Stekol, exxv 
Threonine: Peptide combination, 


lability to alkali, Nicolet and | 


Shinn, 685 
Thrombin: Meta-, blood, circulat- 
ing, Quick, exlvi 
Pro-, purification, Seegers and 
Smith, 677 


Thromboplastic protein: Lung, 
electrophoresis, Cohen and 
Chargaff, 689 

—, phospholipids, Cohen, xxix 

Thymonucleic acid: Proteins, salts, 
and tissue extracts, interaction, 
Greenstein and Jenrette, xlix 

Thyroid: Blood calcium and inor- 
ganic phosphate, administra- 
tion effect, Logan, Christensen, 


and Kirklin, Ixxx 
Bromine and, Baumann, Sprin- 
son, and Marine, xii 


Diiodotyrosine turnover, thyro- 


tropic hormone effect, radio- | 


active iodine as_ indicator, 
Morton, Perlman, and Chaikoff, 
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| Thyroid—continued: 
Disease, dietary protein relation, 
Marron and Weingart, I\xxxiij 
Estrone effect, Gustavson, Koenig, 


and Gassner, xlix 
Stilbestrol, effect, Gustavson, 
Koenig, and Gassner, xlix 


Thyroxine turnover, thyrotropie 
hormone effect, radioactive 
iodine as indicator, Morton, 

Perlman, and Chaikoff, 603 

| Urine calcium and inorganic phos- 

phate, administration effect, 
Logan, Christensen, and Kirk- 
lin, Ixxx 
Thyrotropic hormone: Blood plasma 
thyroxine and diiodotyrosine 
turnover, effect, radioactive io- 
dine as indicator, Morton, Perl- 
man, and Chaikoff, 603 
Pituitary, anterior, purification, 
White and Ciereszko, — exxxix 
Thyroid thyroxine and diiodoty- 

| rosine turnover, effect, radio- 
active iodine as_ indicator, 
| Morton, Perlman, and Chaikoff, 
6038 

Thyroxine: Blood plasma, turnover, 
thyrotropic hormone effect, 
radioactive iodine as indicator, 
Morton, Perlman, and Chaikof, 
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Thyroid, turnover, thyrotrepie 
hormone effect, radioactive io- 
dine as indicator, Morton, Perl- 
man, and Chaikoff, 603 

Tissue: Extracts, thymonucleic 

acid, action, Greenstein and 


Jenrette, xlix 
Transamination, Cohen and 
Hekhuis, xxviii, 711 


| Tobacco: Mosaic virus, amino acids, 
aromatic, Anight and Stanley, 
Ixx 

— —, antiserum and, reaction, 
electron microscope study, 
Anderson and Stanley, iii 
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Tobacco—continued: 
Mosaic virus, denaturation, Lauf- 
fer and Dow, 509 


Tooth: Caries, fluorine effect, 
McClendon and Foster,  \xxxv 
Potassium, spectrochemistry, 
Steadman, Hodge, and Horn, 
71 

Transamination: Tissues, Cohen 
and Hekhuis, 711 
Tryptophane: Deficiency, cataract 
and ocular changes, Totter and 
Day, CXXXiV 
Tubercle bacillus: Lipids, chem- 
istry, Peck and Anderson, 89 

—, derivatives, x-ray studies, 


Spiegel-Adolf and Henny, 


€xxii 
Phleimycolic acid, Peck and 
Anderson, 89 


Tuberculin: Nucleic acid isolation, 
electrophoretic, Seibert and 
Watson, 55 
Polysaccharides, isolation, elec- 
trophoretic, Seibert and Watson, 

55 

Tumor(s) : Cytochrome c determina- 
tion, Potter and DuBois, cii 
Production, hydrocarbons, Shear 


and Leiter, eXxv 
Tissue, transamination, Cohen 
and Hekhuis, XXVili 


See also Cancer, Sarcoma 
Tyrosine: Diiodo-, blood plasma, 
turnover, thyrotropic hormone 
effect, radioactive iodine as in- 
dicator, Morton, Perlman, and 
Chaikoff, 603 
—, thyroid, turnover, thyrotropic 
hormone effect, radioactive io- 
dine as indicator, Morton, Perl- 
man, and Chaikoff, 603 
l(—)-, metabolism, Butts, 
Sinnhuber, and Dunn, xxii 
—, reducing action, factors af- 
fecting, Bowman, xviii 
Metabolism, ascorbic acid réle, 


Tyrosine—continued: 
Sealock, Perkinson, and Basin- 
ski, 153 
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Urea: Nitrogen, determination, 
micro-, Bock, xv, 519 
Urease: Inactivation, protein sulf- 
hydryl groups, relation, Hel- 
lerman, Deitz, and Chinard, 
Ivii 

Recrystallization, Dounce, 307 
Uricacid: Blood plasma, determina- 
tion, Bulger and Johns, 427 
Urine: Bromide and chloride, bro- 
mide administration effect, 
Rossen and Reichenberg, cvii 
Calcium, thyroid and parathyroid 
administration effect, Logan, 
Christensen, and Kirklin, \xxx 
Chlorides, Eskimo, Levine and 


Jorgensen, Ixxvii 
Fluorescent substances, pellagra, 
Najjar and Holt, xevi 


Morphine derivatives, excretion 
form, chemical constitution, 
relation, Oberst, xeviii 

Phosphate, inorganic, thyroid and 
parathyroid administration ef- 
fect, Logan, Christensen, and 
Kirklin, Ixxx 

Pregnancy, androstanol-3(8)-one, 
chemical constitution, Heard 


and McKay, lvi 
Protein, determination, micro-, 
Price, civ 


Quinine determination, photelo- 
metric, Ayker and Webb, I xxiii 
Selenium, Sterner and Lidfeldt, 
CXXVi 

Thiamine determination, thio- 
chrome method, nicotinic acid 
ingestion effect, Mason and 
Williams, 417 
— excretion, Smith, Otis, and 
Spector, exviii 
Uterus: Weight, estrogen assay, 
Evans and Varney, XXXViii 
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Vv 


Vegetable(s): Calcium, dry milk 
solids and, utilization, Shields 
and Mitchell, exv 

Virus: Cucumber, amino acids, 
aromatic, Knight and Stanley, 

Ixx 

Papilloma protein, molecular size, 
shape, and homogeneity, Neu- 
rath, Cooper, Sharp, Taylor, 
Beard, and Beard, 293 
Tobacco mosaic, amino acids, 
aromatic, Anight and Stanley, 
Ixx 

— —, antiserum and, reaction, 
electron microscope study, An- 


derson and Stanley, iii 
— —, denaturation, Lauffer and 
Dow, 509 


Vitamin(s): A, absorption and re- 
tention, normal and low fat 
rations, Russell, Taylor, Walker, 
and Polskin, cix 

A-free diets, vitamin deficiency 
other than vitamin A, Hartman, 
Dryden, and Cary, liv 

A, hypervitaminosis D, and Ds, 
effect, Morgan, Hendricks, and 
Freytag, 

-, storage, adults, Booher and 
Porter, xvi 

—, tissue, dibenzanthracene ef- 
fect, Baumann and Foster, xii 

A;-related substance, Embree and 


Shantz, XXXVii 
A,-related substance, Embree and 
Shantz, XXXVii 
B factors, liver fat, effect, Engel, 
XXXVii 

B,, carbohydrate metabolism, ef- 
fect, Pincussen, ci 


C, deficiency, barbiturates, effect, 
Kueter, Richards, and Klatt, 
Ixxii 

—. See also Ascorbic acid 
Creatine-creatinine excretion, in- 


Vitamin(s)—continued: 
jection effect, Pizzolato 
Beard, 
D, blood and bone lead, ea 
Sobel, Yuska, and Kramer, 
—, — serum caleium, diffusible, 
hypoparathyroidism, adminis- 
tration, Todd, CXXXiii 
—, carbohydrate metabolism, ef. 
fect, Pincussen, Ci 
—, storage and excretion, Remp, 
ev 
H, liver, isolation, du Vigneaud, 
Hofmann, Melville, and Gyérgy, 


643 

—. See also Biotin 
K, prenatal administration, 
hemorrhage, effect, Mull, Bill, 
and Skowronska, xev 


Supracorsin and, Walker sarcoma, 
effect, Beard and Coutolenc, 
xiii 

See also Hypervitaminosis 


Ww 


Water: Muscle, skeletal, available 
fluid, and blood plasma, ex- 
change, dehydration, Mellors, 
Muntwyler, and Mautz, \xxxix 

—, —, hydronephrosis, potassium 
salts, injection effect, Fichel- 


berger, xxxv, 467 
Wheat: Indian, mucilage, Anderson, 
Gillette, and Seeley, 569 


Wool: Chemical constitution, 
cystine réle, Geiger, Patterson, 
and Harris, xliv 
Powdered, nutritional properties, 
Routh, eviil 
Protein, acids, combination, 
Steinhardt, CXXiV 

Work: See also Energy, Exercise 
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x 


Xanthine: Oxidase, liver, riboflavin 
effect, Azelrod and Elvehjem, 


vi, 725 
Xanthopterin: Anemia factor, fish, 
Simmons and Norris, 679 


X-ray: See Roentgen ray 


Y 


Yeast: p-Aminobenzoic acid isola- 
tion, Blanchard, 919 
Ferment, respiratory, Pasteur en- 
zyme, relation, Melnick, xe 
Respiration, low oxygen tension, 
Winzler, exlii 
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Factors Influencing the Use of Bentonite in the Purification of In- 
vertase. By Mitprep Apams Aanp C. §. Hupson. From the 
Division of Chemistry, National Institute of Health, Washington 
It has been reported previously from this laboratory that bento- 

nite is an excellent adsorbent for invertase and can be used for the 
purification of this enzyme. In an attempt to produce large 
amounts of purified invertase by the method as originally de- 
veloped certain difficulties were encountered because of variations 
in the behavior of different lots of yeast. 

Extensive investigations have been undertaken, therefore, to 
establish a method which can be used consistently, not only for 
yeast obtained from a constant source, but also for yeasts from 
different sources. The following are some of the most important 
factors found to influence the use of this adsorbent: method of 
autolysis, temperature and duration of autolysis, temperature and 
duration of dialysis, aging of the autolysates, and the pH during 
adsorption and elution. 

Conditions have been established yielding consistent purification 
of invertase when applied to yeast from a constant source, but 
slight changes were usually necessary when the source of yeast was 
changed. A relatively simple series of preliminary tests generally 
suffices to determine the conditions satisfactory for any particular 
yeast. 

Yeasts from five different sources have been investigated and 
although there was a marked variation in the time values of these 
(25 to 400 minutes as expressed in the customary units) the final 
products differ little in their time values (0.17 to 0.19 minute for 
bakers’ yeast and 0.15 to 0.17 minute for brewers’ yeast). 


A Study by Means of the Electron Microscope of the Reaction 
between Tobacco Mosaic Virus and Its Antiserum. By THomas 
F,. ANDERSON AND W. M. Sranuey. From the Laboratories of 
the Radio Corporation of America, Camden, and the Department 
of Animal and Plant Pathology of The Rockefeller Institute for 
Medical Research, Princeton 
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Electron micrographs of tobacco mosaic virus deposited on a 
collodion film show that the molecules are about 280 my long and 
about 15 my wide. Micrographs of a mixture of virus and normal 
rabbit serum show virus particles of normal size, indicating little 
or no adsorption of particles from normal serum onto the virus 
molecules. A mixture of tobacco mosaic virus and tobacco mosaic 
virus antiserum from rabbits, when dried on a collodion film an 
hour after mixing and examined by means of the electron micro- 
scope, shows particles about 60 my wide, about 300 my long, having 
fuzzy profiles. The increase in particle size and the fuzzy appear- 
ance are regarded as indicating that the ends of asymmetrically 
shaped molecules from the serum react with the antigen molecules 
and practically cover their surfaces. When the mixture of antigen 
and antiserum is allowed to stand for several hours and applied toa 
collodion film, an irregular framework of thickened antigen mole- 
cules may be seen. It is this framework which makes up the anti- 
gen-antiserum precipitate. The results demonstrate the usefulness 
of the electron microscope and of a large and distinctively shaped 
antigen such as tobacco mosaic virus in the study of the antigen- 
antibody reaction. 


The Use of Ficin As An Anthelmintic. By James C. ANDREws 
AND W. E. Cornatzer. From the Department of Biological 
Chemistry, School of Medicine, University of North Carolina, 
Chapel Hill 
The proteolytic activity of the fig enzyme (ficin), proposed as an 

anthelmintic, has been determined with 2 per cent gelatin solution 

as substrate. The anthelmintic ability of ficin on parasites whose 
habitat extends well into the large intestine prompted experi- 
ments on the ability of ficin, administered by mouth, to escape 
pancreatic digestion and be recoverable in the feces. In such ex- 
periments the feces showed very definite proteolytic activity, 
whereas control samples showed practically zero activity. It is 
evident therefore that this enzyme, although showing a ratio of 
free amino nitrogen to total nitrogen corresponding to proteose- 
peptone mixtures, escapes complete digestion. 

The anthelmintic properties of ficin have been investigated in 
vitro on pig Ascaris to determine whether the action of the enzyme 
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on the live Ascaris is exerted through the digestive tract. A series 
of worms was ligated as described by Brown, in order to prevent 
ingress of the enzyme into the intestinal tract. After 2.5 hours at 
37° the ligated worms were found to have their exterior surface 
damaged by the enzyme to the same apparent extent as unligated 
controls. It was demonstrated that both series of worms were still 
alive after the above treatment, although much damaged. Longer 
exposure, as shown by Robbins, results in death. The action of 
the enzyme solution on both series of worms causes a considerable 
amount of protein nitrogen to pass into solution. When normal 
worms are immersed in physiological saline, no such nitrogen con- 
tent in the saline solution results. 


Determination of Fluorine in Biological Materials. By W. D. 
ArmstronG. From the Laboratories of Physiological Chemistry 
and Dental Research, University of Minnesota, Minneapolis 
Titrations of fluorine according to the author’s previously de- 

scribed method are facilitated when illuminated only by a fluor- 

escent daylight lamp. Organic magnesium salts, but not those of 
calcium, are satisfactory fixatives for fluorine in ashing. That 
most magnesium compounds contain appreciable fluorine and 
therefore contribute a considerable blank in microdeterminations 
has not been previously recognized. Representative results of 
analyses of MgO prepared by ignition of the following compounds 

are as follows, in parts per million: acetate 170, MgO 11 to 16, 

carbonate 16, salicylate 2 to 13, metal 12. The fluorine content of 

MgO is not reduced by ignition at 1800-2000° but is materially 

lowered by prolonged heating in presence of superheated steam or 

by repeated formation and ignition of the sulfate. Magnesium 
acetate made from MgO so prepared contributes blanks of approxi- 
mately 0.5 y of fluorine. The procedure previously described for the 
elimination of interfering amounts of chloride has been modified 
and simplified. Repeated analyses, checked by recovery of added 

microgram quantities of fluorine, are as follows: potatoes 0.22 

p.p.m., egg white 0.00, sucrose 0.05, Lintner starch 0.00, and com- 

mercial dog biscuit 16. The average error of recovery of 2 to 15 y 

of fluorine added to the above materials was +0.4 per cent, rang- 

ing from —5.2 to +7.8 per cent. 
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Phospholipid Metabolism in Normal and Denervated Muscle.* 
By Camitto Artom. From the Depariment of Biochemistry, 
School of Medical Sciences, Wake Forest College, Wake Forest, 
North Carolina 
Rats and cats, in which the sciatic and femoral nerves of one leg 

were previously cut, have been injected with sodium phosphate 
containing the radioactive isotope P®. In the denervated muscles 
the amount of phospholipids (per gm. of dry and defatted tissue) 
as well as their specific activity (ratio, radioactivity to P) was 
greater than in the muscles of the normal leg. The comparison of 
the specific activities in the lipids extracted from the liver, plasma, 
and muscles suggests that phospholipids synthesized in the liver 
are carried in the plasma to the muscles, larger amounts of them 
being deposited in the denervated muscles. 

Similar results have been obtained by intravenous injections of 
an emulsion of liver phospholipids containing the radioactive 
isotope. 

As the analyses have been made between the 8th and 14th day 
after denervation, fibrillation was probably fully developed in the 
denervated muscles. 


The Effect of a Riboflavin Deficiency upon the Xanthine Oxidase 
Activity of Rat Liver. By A. E. Axe.trop anv C. A. ELVensem. 
From the Department of Biochemistry, University of Wisconsin, 
Madison 
An uncomplicated riboflavin deficiency was produced in the rat 

by the use of highly synthetic rations. In Experiment I the ani- 

mals were divided into three groups. During the 12 week experi- 
mental period, one group received only the basal riboflavin-low 

ration, while the other two groups received respectively 3 and 67 

of riboflavin per day. In Experiment II the rats were maintained 

on the riboflavin-low ration for 8 to 10 weeks, when a number were 
sacrificed for the determinations of the liver xanthine oxidase 

activity. The remainder were given a daily supplement of 30 7 

of riboflavin and were sacrificed 10 and 20 days after the beginning 

of the riboflavin administration. 


* Aided by a grant from the Dazian Foundation for Medical Research. 
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The xanthine oxidase activity was determined with the Barcroft 
apparatus. The oxygen consumption of a homogenized liver sus- 
pension was determined over a period of 2 hours, both in the pres- 
ence and absence of xanthine. The rate of oxygen consumption in 
the presence of xanthine (blank readings subtracted) during the 
period in which the oxygen consumption was linear was taken as a 
measure of the xanthine oxidase activity. 

The liver xanthine oxidase activity of rats receiving only the 
riboflavin-low rations was 25 per cent of that for normal stock rats. 
In Experiment I the daily administration of 3 and 6 y of riboflavin 
resulted in a 4- and 5-fold increase, respectively, in the liver xan- 
thine oxidase activity. In Experiment II the daily supplementa- 
tion with 30 y of riboflavin over either a 10 or 20 day period re- 
sulted in a 2-fold increase in the liver xanthine oxidase activity. 


The Effect of Lead Acetate on Oxygen Uptake of Rat Liver Slices. 
By Harry D. BAarrnsTeIn AND J. A. GRAND. From the Divi- 
sion of Industrial Hygiene, National Institute of Health, Bethesda, 
Maryland 
Rat liver slices were studied in two ways: (1) by measuring oxy- 

gen uptake (a) in suspensions of lead phosphate and (0) in solutions 

of a soluble lead citrate complex, and (2) by first immersing the 
tissue slices in Ringer’s solution containing lead acetate and then 
measuring oxygen uptake in Ringer-phosphate. 

The direct method (1, a) which was also used by previous 
workers gave 12.8 per cent acceleration of oxygen uptake when the 
pH factor was controlled and a 78 per cent inhibition when it was 
not controlled. This confirms the previous work. Method 1, 6 
showed a 10 per cent inhibition but the availability of the lead in 
combination with citrate is unknown. Precipitation reactions 
showed that neither iodide nor sulfate could remove the lead from 
combination but that phosphate could do so. 

(2) Previous immersion of slices for 30 minutes in Ringer’s solu- 
tion containing 0.001 and 0.002 m lead acetate (pH 5.0) followed by 
oxygen uptake measurement in Ringer-phosphate at pH 7.4 showed 
12 and 24 per cent inhibition respectively. When these values 
were corrected for irreversible acid injury, the net inhibitions were 
2 and 14 per cent. 
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The Effect of Protein Intake on Lead Poisoning. By Harry D. 
BAERNSTEIN, J. A. GRAND, AND P. A. Ngeau. From the Division 
of Industrial Hygiene, National Institute of Health, Bethesda, 
Maryland 
White rats were fed synthetic diets containing casein 6, 13, 20, 

dextrin 44, 37, 30, sucrose 15, salts 4, agar 2, corn oil 10, cod liver 

oil 5, milk vitamin concentrate 12, ryzamin B 2. 100 gm. portions 
of 6 per cent casein diet were supplemented with 0.5 gm. of /-cys- 
tine and dl-methionine respectively. 1.5 gm. of lead chloride were 
added to 100 gm. portions of all diets. 13 per cent casein diet was 
also supplemented with 0.5 per cent NagHPO,, 1.0 per cent and 

0.5 per cent lead chloride respectively. 

Groups of twelve rats equally divided as to sex were fed the 
above diets with and without lead chloride for about 30 days or as 
long as the rats lived. They were weighed every 2 days and their 
food consumption noted. Survivors were sacrificed and hemo- 
globin, red cells, and oxygen uptake of liver were determined. 
Liver, spleen, and kidney were studied histologically. 

The results showed that lead chloride reduced food consumption 
and growth rate in all groups. The effects were less pronounced 
at low lead chloride levels and less on adequate protein intakes. 
Phosphate reduced the effects of lead chloride somewhat. 

Hemoglobin and red cells decreased in all rats receiving lead 
chloride for more than 12 days. Oxygen consumption of liver was 
slightly accelerated in all groups receiving lead except those re- 
ceiving methionine and 20 per cent casein. 


The Source of the Bicarbonate of Pancreatic Juice. By Eric G. 
Batt, Heven F. Tucker, A. K. anv Birgit 
VENNESLAND. From the Department of Biological Chemistry, 
Harvard Medical School, Boston 
The concentration of bicarbonate in the pancreatic juice may 

reach values 5 times that of serum. Two possible sources of this 

juice bicarbonate exist. The carbon dioxide produced by meta- 
bolic processes of the gland itself may be diverted as bicarbonate 
into the juice, or bicarbonate may be concentrated from the serum 
by the pancreatic cells. The occurrence of carbonic anhydrase in 
the pancreas has lent support to the idea that metabolic COs, is 
the source of juice bicarbonate, since the rapid hydration of CO: 
by this enzyme would be important to such a conversion. Injec- 
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tions of sulfanilamide or thiocyanate into dogs in sufficient quanti- 
ties to inhibit the carbonic anhydrase of the pancreas showed, how- 
ever, that the bicarbonate concentration of the juice was un- 
affected. These findings suggested that the bicarbonate of the 
juice arose from the serum and not from metabolic CO, of the 
gland. We have proved that such is the case by the use of radio- 
active carbon. Solutions of bicarbonate in which a portion of the 
carbon was radioactive were injected intravenously into dogs. 
Pancreatic juice and serum samples were then collected at definite 
time intervals. The average radioactivity per unit volume of the 
pancreatic juice in three experiments was found to be 4.97 times 
that of the serum. The average total CO, concentration of the 
juice was found to be 4.67 times that of the serum. 

These findings coupled with analyses of pancreatic tissue for 
total CO, and chloride permit an insight into the mechanism of 
pancreatic juice formation. 


Autolysis in Meat. By A. K. Batis, G. Y. GorrscHALL, AND 
M. W. Kies. From the Enzyme Research Laboratory, Bureau 
of Agricultural Chemistry and Engineering, United States De- 
partment of Agriculture, Washington 
When beef muscle is disintegrated in water by a mechanical 

beater, an interwoven fabric of stringy material is obtained which 

consists largely but not entirely of connective tissue 

This preparation autolyzes to produce substances not precipi- 
tated by trichloroacetic acid which react as do tyrosine and trypto- 
phane with the Folin-Ciocalteau phenol reagent. The trichloro- 
acetic acid filtrates give a positive Millon test, thus indicating the 
presence of the phenolic group in the digestion products. The 
autolysis is greater near pH 3.5, which is also the optimum for 
ground muscle, but is negligible at pH 1 and 6. About one-third 
as much tyrosine-like substance is produced from this washed 
tissue as from muscle. 

The autolysis as well as the ability of this connective tissue 
preparation to digest hemoglobin is evidence of proteolytic activity. 
The digestion of hemoglobin at pH 3.5 by the connective tissue 
preparation is slight, but amounts to more than 50 per cent of the 
digestion of hemoglobin brought about by ground muscle at the 
same pH. 

The significance of the findings in relation to the question of the 
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enzyme content and digestibility of connective tissue will be 
discussed. 


Determination of Serum Albumin by the Falling Drop Method for 
Specific Gravity. By Pavut H. Barsour, Jr. From the Labo- 
ratory of Pharmacology, Yale University School of Medicine, 
New Haven 
The falling drop method of Barbour and Hamilton is much used 

for the determination of total serum protein. It may be applied to 
serum albumin after precipitation of the globulins with half satu- 
rated ammonium sulfate. A formula has been derived for con- 
verting density to albumin percentage in the presence of so much 
salt. Twenty-three samples of human serum with Kjeldahl deter- 
minations were available through the courtesy of the Department 
of Internal Medicine. 

Besides (NH,)2SO, solution (saturated at 20°) a standard 
(NH,)2S80, solution 4 per cent by volume is necessary. The spe- 
cific gravity of this standard must be determined accurately to 
0.0001. 

To 1 ce. of serum is added an exactly equal amount of the 
saturated (NH,).SO,, followed by a layer of mineral oil. The 
whole is spun for an hour in an angle centrifuge at 4200 r.P.m, 
The density difference between the supernatant fluid and a like 
solution, where serum is replaced by the 4 per cent (NH,4).S0O, 
standard, is determined by the falling drop method. 

The above density difference is doubled to compensate for the 
serum dilution and added algebraically to the density of the 4 per 
cent standard. The resultant figure (G,) represents the density of 
serum minus globulin in the presence of half saturated (NH,4)2S80,. 

The albumin (A) in gm. per 100 cc. is calculated by the formula 
A = 343 (G, — 1.0157) (compare Moore and Van Slyke’s total 
protein formula). 

The average difference between falling drop and Kjeldahl deter- 
minations was 0.23 gm. per cent (standard deviation +0.24 gm. 


per cent). 


The Far Ultraviolet Spectral Absorption of Liver Lipids. By R. H. 
Barnes, E. 8. I. I. Rusorr, H. G. Lorn, anp G. 0. 
Burr. From the Departments of Physiological Chemistry and 
Botany, University of Minnesota, Minneapolis 
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In the course of studies concerning the identity of various fatty 
acids in animal tissues, spectral absorption curves of the fatty 
acids from several lipid fractions of pig liver have been made. A 
ligroin-soluble, alcohol-ether extract of the liver was made. This 
was fractionated into acetone-soluble (neutral fat) and acetone- 
insoluble (phospholipid) fractions. The acetone-insoluble ma- 
terial was further separated into alcohol-soluble (lecithin) and 
alcohol-insoluble (cephalin) fractions. 

None of these lipid fractions showed any distinct absorption 
bands at either 2700 A. or 2350 A. Although there did appear to 
be a slight inflection of the absorption curve at 2350 A., all of the 
fractions showed a marked rise in absorption which started at 
about 2200 A. and extended into the shorter wave-lengths. Both 
the acetone-soluble and acetone-insoluble alcohol-soluble fractions 
gave absorption coefficients, £,'%, of about 5 at 2200 A. which in- 
ereased to about 70 at 2100 A. The acetone-insoluble alcohol- 
insoluble gave an E,'%, value at 2200 A. of 20, which rose to about 
170at 2100 A. A comparison of these absorption data with curves 
obtained from pure fatty acids and various natural fats has been 
made. The increased absorption between 2200 and 2100 A., which 
was especially marked in the acetone-insoluble alcohol-insoluble 
fraction, is very similar to that found in fatty acids with a double 
bond in the 2-3 position. 


The Functions of Diphosphothiamine. By E. 8. Guzman Barron, 
Cart M. Lyman, M. A. Lipton, AND JAMES GOLDINGER. 
From the Lasker Foundation for Medical Research and the Depart- 
ment of Medicine of the University of Chicago, Chicago 
Soon after Lohmann and Schuster’s discovery that cocar- 

boxylase is diphosphothiamine, Lipmann demonstrated that it 

catalyzes the oxidation of pyruvate, and Barron and Lyman found 
that it catalyzes the dismutation of pyruvate. Lipmann’s sug- 
gestion that diphosphothiamine acts as a sluggish reversible sys- 
tem was tested in a variety of experiments and was found un- 
tenable. A comparative study of the rates of reduction (with 

Na,S.0,, and Pt and Pd, plus He) and of reoxidation (with his- 

tidine Fe-protoporphyrin) showed that thiamine becomes with 

phosphorylation more resistant to the action of reducing and oxi- 
dizing agents. The multiple catalytic functions of diphospho- 
thiamine suggest the possibility that it acts by forming the integral 
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part of the activating protein of the enzyme system. Once pyru- 
vate is activated, it may react with catalysts for its oxidation, 
reduction, dismutation, carboxylation (Wood and Werkman’s reac- 
tion). The validity of this hypothesis was tested with the tissues 
of avitaminotic rats and chickens. It was found that diphospho- 
thiamine is essential for the following reactions in which pyruvate 
is one of the components: synthesis of carbohydrate with rat kid- 
ney, synthesis of citrate with rat heart and brain, synthesis of 
acetoacetate with chicken liver, synthesis of succinate with rat 
kidney. It was also found that diphosphothiamine acts as a 
catalyst in the oxidation of a-ketoglutarate to succinate by rat 
kidney. The function of diphosphothiamine in the metabolism of 
carbohydrate thus becomes clear. 


The Effect of Dibenzanthracene on Vitamin A in Rat Tissues. By 
C. A. BAUMANN AND E. G. Foster. From the Department of 
Biochemistry, College of Agriculture, University of Wisconsin, 
Madison 
Rats with moderate stores of vitamin A were placed on diets low 

in the vitamin, and the animals injected with colloidal suspensions 

of dibenzanthracene, benzpyrene, benzanthracene, or methyl- 
cholanthrene. The rate of disappearance of the vitamin from the 

liver was markedly increased by all of the hydrocarbons, but di- 

benzanthracene was approximately twice as effective as the others. 

Since methylcholanthrene is much more carcinogenic than diben- 

zanthracene, whereas benzanthracene is essentially non-carcino- 

genic, it is concluded that the property of affecting vitamin A 

stores is not necessarily associated with tumor production. 

The reduction in hepatic vitamin A by dibenzanthracene was 
accompanied by a 10-fold increase in the vitamin A content of the 
non-hepatic tissues. Thus the effect of the hydrocarbon was 
qualitatively similar, but quantitatively much more intense than 
that of alcohol. The effect of the hydrocarbon was not altered by 
a reduction in protein intake, nor by the addition of cystine to the 
diet. 


Bromine and the Thyroid. By Emi J. Baumann, Davin B. 
SpPRINSON, AND Davip Martine. From the Montefiore Hospital, 
New York 
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The relation of Br to the thyroid has been investigated because 
of the frequently reported observation that thyroid contains more 
Br than any other tissue. This finding has been confirmed in 
many instances, particularly in hyperplastic thyroids. When such 
glands are involuted by feeding an iodide, they quickly lose their 
extra Br and then reach approximately the level of Br in blood. 

Thyroid administration or excessive thyroid secretion brings 
about a lowering of blood Br which is probably due to the diuretic 
and stimulating action of thyroid on the kidney. 


A Quantitative Investigation of the Changes in the Gonadotropic 
Activity of the Hypophyses of Rats Treated in Various Ways. 
By Greorce Beacu anv F. C. Kocu. From the Department of 
Biochemistry of the University of Chicago, Chicago 
A quantitative method has been developed which enables the ex- 

perimenter to determine accurately the gonadotropic activity of 
six to twelve adult rat hypophyses. The weighed glands are frozen 
and ground with dry ice to a very fine pulp; this is then made up 
to volume with normal saline and the suspension injected intra- 
muscularly into immature female rats or mice, preferably the 
latter, twice a day for 3 successive days, and 48 hours after the 
last injection the uteri are weighed. The hypophyses of castrated 
male rats are of the same order of activity as those of x-rayed rats, 
and yet the seminal vesicles and prostate remain normal in the 
latter group. The effects of a vitamin E-free diet and of feeding 
salmon milts have also been determined. 


The Effect of Parenteral Injection of Supracorsin with and without 
Vitamins upon the Appearance and Growth of the Walker Sar- 
coma in Rats. By Howarp H. Bearp anp Raymonp Covro- 
LENC. From the Harriman Research Laboratory, Southern Pa- 
cific General Hospital, San Francisco 
300 young white rats were divided into different groups and 

transplanted with small amounts of Walker sarcoma tissue. All 

rats in which the transplants did not take were retransplanted a 

second, and in many cases, a third time, with more sarcoma tissue. 

The animals were fed upon our stock diet which consists of } whole 

wheat flour, 4 whole milk powder, together with 1 per cent of the 

weight of the wheat, each, as NaCl and CaCO;. Quaker oats, 
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whole milk, and water were also available at all times. The study 
was carried out for 1 month from the day of transplantation of the 
tumors. 

The vitamin requirement of the cancer-bearing animals is in- 
creased; the injection of supracorsin (a water extract of the supra- 
renal cortex of cattle) with 1 mg. of vitamin B, or calcium panto- 
thenate daily slowed up the rate of tumor growth; the injection of 
supracorsin with 1 mg. daily of either of the four vitamins studied 
prevented the appearance of the tumors to a significant degree 
(from 48 per cent in the controls to 23 per cent); and the injection 
of the different vitamins served to increase the animals’ resistance 
to the destructive action of the tumor, and was, therefore, of much 
benefit to their physiological well being. 


The Oxidation of 2-Hydroxynicotinic Acid by Liver. By Frep- 
ERICK BEeRNHEIM. From the Department of Physiology and 
Pharmacology, Duke Medical School, Durham, North Carolina 
2-Hydroxynicotinic acid is oxidized by washed concentrated 

liver suspensions of rat and guinea pig at pH 6.7. 1 atom of oxy- 
gen is taken up per molecule with rat liver, 2 with guinea pig. 
The oxidation shows a lag at the beginning. Added hemoglobin 
is converted to methemoglobin, indicating H,O2 formation. How- 
ever, the oxidation is inhibited completely by 0.0005 mM NaCN even 
if the cyanide is added after the substrate. Addition of cozymase, 
adenine-flavin dinucleotide, or fumarate does not accelerate the 
oxidation. 6-Hydroxynicotinic, 2-aminonicotinic, nicotinic, quino- 
linic, and nipecotic acids are not oxidized. Kidney and brain are 
unable to oxidize the 2-hydroxynicotinic acid. 


The Fate of Gold Injected into White Rats. By Watrer D. 
Biock AND Oxtver H. Bucuanan. From the Rackham Ar- 
thritis Research Unit, Medical School, University »f Michigan, 
Ann Arbor 
The deposition and excretion of gold in the white rat were 

studied following the intramuscular injection of colloidal gold sul- 

fide, colloidal gold, gold sodium thiomalate, and gold sodium thio- 
sulfate. These substances were administered in a concentration 
corresponding to approximately 1 mg. of gold per day for 14 con- 
secutive days. At the end of this period the animals were sacri- 
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ficed and the amount of gold present in the kidneys, liver, spleen, 
heart, lungs, the remaining carcass, as well as the total urinary 
and fecal output, was determined by the method of Block and 
Buchanan.* 

When gold was administered as colloidal gold sulfide or colloidal 
gold, 1.68 to 3.73 mg. were deposited in the liver, while only 0.11 
to 0.16 mg. was found in the kidneys. However, when gold was 
injected as gold sodium thiomalate and gold sodium thiosulfate, 
0.28 to 0.34 mg. was found in the liver and 0.33 to 0.98 mg. was 
found in the kidneys. Other organs contained relatively small 
amounts. Of the total gold administered as colloidal sulfide or 
colloidal gold, only 0.42 mg. was excreted in the urine and 0.77 to 
2.73 mg. was eliminated in the feces. When gold was given as 
gold sodium thiomalate or gold sodium thiosulfate, the urinary 
excretion varied from 6.41 to 7.35 mg. and the fecal output varied 
from 2.19 to 2.74 mg. 


The Production of Diffuse Nodular Cirrhosis of the Liver in Rats 
on High Fat-Low Protein Diets. By Haro_tp BLUMBERG 
AND Huau G. Gravy. From the Departments of Biochemistry 
and Immunology, School of Hygiene and Public Health, the Johns 
Hopkins University, Baltimore, and the National Cancer Insti- 
tute, National Institute of Health, United States Public Health 
Service, Bethesda, Maryland 
Diffuse nodular cirrhosis of the liver was produced in rats which 

were maintained for approximately 200 to 400 days on a stock diet 
supplemented with large amounts (3 to 5 cc. per rat per day) of 
ether-extracted wheat germ oil. Extensive fatty changes and 
cirrhosis were also observed in animals fed similarly with a com- 
mercial corn oil. The results were secured in three different 
strains of rats. 


A Micromethod for the Determination of Urea Nitrogen. By 
JoserH C. Bock. From the Department of Biochemistry, Mar- 
quelte University Medical School, Milwaukee 
The apparatus consists at present essentially of a modified Wid- 

mark flask. This flask, of about 50 ml. capacity, has a ground 


* Block, W. D., and Buchanan, O. H., J. Biol. Chem., 186, 379 (1940). 
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glass stopper to which a glass cup of about 1.5 ml. volume js 
attached by means of a short glass rod. The cup clears the bottom 
of the flask by about 10 to 15mm. The urea-containing liquid, in 
suitable dilution, is put into the cup, which had been charged with 
urease and the mixture is incubated to allow the enzyme to act, 
After the proper time interval 1 ml. of 0.1 N HCl is put into the 
bottom of the flask. 4 drops of a concentrated solution of sodium 
carbonate are added to the contents of the cup to liberate the 
ammonia. The stopper (with the cup) is put back into the flask, 
and a rubber band is put over the stopper and around the flask to 
hold the stopper in place. The assembly is heated in an oven for 
2.5 hours at 60° or is allowed to stand overnight at room tempera- 
ture. The contents of the flask are now nesslerized and the urea 
is determined in a colorimeter. 


Metabolism of Glycocyamine in the Nephrectomized Rat. By 
Meyer BopaNsky AND VirGiInia B. Durr. From the John 
Sealy Memorial Research Laboratory and the Department of 
Public Health and Preventive Medicine, University of Tezas 
School of Medicine, Galveston 
A dose of 100 mg. of glycocyamine in 5 cc. of water was admin- 

istered by stomach tube to rats 16 hours after double nephrectomy. 

For each test rat there were three controls, a normal rat given 100 

mg. of glycocyamine, and a normal rat and a nephrectomized rat 

given only water (5 cc.). The rats were sacrificed in groups of 
eight at intervals of 6, 12, and 24 hours. In all cases the liver and 
the intestinal contents, together with the feces, were analyzed for 
glycocyamine and for “true’’ creatine by the bacterial enzyme 
method of Dubos and Miller. In the case of the unoperated con- 
trols, the urine was also subjected to similar analyses. The results 
of these in vivo experiments support the conclusion of Borsook and 

Dubnoff, based on in vitro (tissue slice) experiments, that creatine 

normally is formed by the methylation of glycocyamine in the liver. 


Vitamin A Storage in Adults. By Leia E. Boonrr anp MILDRED 
B. Porter. From the Bureau of Home Economics, United 
States Department of Agriculture, Washington 
The daily intake of vitamin A per se required to prevent any 

signs of night-blindness in adults has previously been shown to be 
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on the order of 25 to 55 international units per kilo of body weight. 
Evidence is now available to show that the adult body does not 
possess the capacity to adjust its requirements to less than this 
minimum physiologic requirement. Vitamin A supplied to adults 
in excess of 50, 100, and 200 per cent or more over the daily mini- 
mum physiologic requirement can be stored in whole or in part to 
furnish a reserve that can be used during subsequent periods of 
dietary vitamin A shortage. The efficiency of the storage, how- 
ever, becomes less as excesses of vitamin A intake over the mini- 
mum physiologic requirement are increased. 


Metabolism of Methionine by Tissue Slices. By Ernest Borex 
AND HetnricH WaeEtscH. From the Department of Biochemis- 
try, New York State Psychiatric Institute and Hospital, and the 
Department of Neurology, College of Physicians and Surgeons, 
Columbia University, New York 
In continuation of our studies on the metabolism of methionine 

by tissue slices* balance experiments were performed. With 50 
ml. of Krebs’ phosphate buffer for 1 m.eq. of methionine and about 
200 mg. (dry weight) of rat kidney slices, 19 to 22 per cent of the 
methionine was deaminized to the corresponding keto acid (deter- 
mined as the dinitrophenylhydrazone). Addition of As,O, in- 
creased the yield of keto acid to about 30 per cent. Methionine 
was determined in the filtrate from the keto acid. Between 80 
and 90 per cent of the residual methionine was accounted for by 
titration of the homocysteine and 90 to 95 per cent as volatile 
iodide. Since the solutions prior to digestion with HI gave very 
slight nitroprusside reactions, the homocysteine values are ascribed 
to the unchanged methionine. 

Liver slices converted about 4 per cent of added methionine into 
the keto acid (about 8 per cent when poisoned with arsenite). 
Analysis of the filtrate for residual methionine gave percentage re- 
coveries in terms of homocysteine and volatile iodide similar to 
those obtained with kidney slices. 

The amount of SOT formed was of the same order of magnitude 
as reported by Pirie, less than 2 per cent. 

Thus it has been shown that the main product in the first stage 


* Waelsch, H., and Borek, E., J. Am. Chem. Soc., 61, 2252 (1939). 
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of the metabolism of methionine by tissue slices is the correspond- 
ing keto acid. 


The Conversion of Citrulline to Arginine. By Henry Borsoox 
AND Jacop W. Dusnorr. From the William G. Kerckhog 
Laboratories of the Biological Sciences, California Institute of 
Technology, Pasadena 
In the presence of surviving kidney slices arginine and glycine 

interact to form glycocyamine. Citrulline is the only other sub- 

stance which yielded glycocyamine when incubated with glycine. 

In the latter reaction citrulline is first converted to arginine. 
This reaction occurs very rapidly when citrulline is incubated with 
any one of the following amino acids or amides: glutamic acid, as- 
partic acid, glutamine, and asparagine. The rate of reaction with 
these amides is not faster than with the corresponding amino acids, 

Arginine is also formed from citrulline by interaction of the 
latter substance with proline, hydroxyproline, histidine, ornithine, 
and lysine. 

The following amino acids did not react with citrulline to yield 
arginine: glycine, /(+)-alanine, dl-alanine, cysteine, cystine, methi- 
onine, leucine, isoleucine, norleucine, phenylalanine, serine, threo- 
nine, tryptophane, tyrosine, and valine. 

These findings may explain certain observations on the forma- 
tion of urea in the liver. 

A new micromethod for the determination of arginine is de- 


scribed. 


Factors Which Intensify the Reducing Action of /-Tyrosine. By 
Donatp E. Bowman. From the Department of Biochemistry, 
School of Medicine, Western Reserve University, Cleveland 
The rate at which tyrosine reacts with iodine has been studied 

and it has been found that under certain conditions, which should 

prevail physiologically, the speed of the reaction is greatly in- 
creased. The activity of the phenolic hydroxyl as a reducing 
group was followed in particular, since it is ordinarily considered 
as being rather inert in spite of its fundamental relation to the 
physiological and chemical properties of various hormones, en- 
zymes, and proteins of immunity. 

Although tyrosine ordinarily reacts with iodine very slowly in 


Society of Biological Chemists xix 


vitro, the rate of this reaction is greatly increased in the presence of 
the phosphate ion. Further marked acceleration results from a 
moderate elevation in temperature or an increase in pH until the 
reaction becomes instantaneous. Potassium iodide tends to slow 
the reaction. 

It would appear that the reducing action of the phenolic hy- 
droxyl group as well as the rate of iodine substitution is greatly 
intensified under the above conditions. If precautions are taken 
to minimize the reducing effect of other reaction products, the 
phenol color value of tyrosine decreases progressively as the tyro- 
sine reacts with increasing amounts of iodine. Acetylation of the 
phenolic hydroxyl group decreases the amount of iodine used and 
greatly slows the rate of iodine substitution. 


Effect of Soft X-Rays on Crystalline Proteins and Enzymes. By 
M. J. Boyp, H. Kersten, AND ALFRED A. TyTetu. From the 
Departments of Biological Chemistry and Physics, University of 
Cincinnati, Cincinnati 
Crystalline egg albumin, serum albumin, hemoglobin, and urease 

were irradiated for varying periods of time by soft x-rays. The 

samples were placed 3 cm. from the focal spot of a gas x-ray tube 
having a copper target and a window made of aluminum-foil and 
cellophane operated at 30 kilovolts and 10 milliamperes. The 
most intense radiation transmitted was K, (1.54 A) and Kg 
(1.38 A.). gg albumin was denatured, as indicated by subse- 
quent precipitation at its isoelectric point. Other proteins ap- 
peared to undergo less marked changes. Urease was inactivated, 
depending on the purity and concentration of the preparation 
under test. Urease in the washed cell suspensions of Proteus vul- 
garis was not inactivated under the conditions of the experiment. 

The physicochemical changes involved in these experiments will 

be discussed. 


The Heat of Serological Reactions. By Wiiitam C. Boyp. 
From the Evans Memorial, Massachusetts Memorial Hospitals, 
and Boston University School of Medicine, Boston 
With the calorimeter described by Conn, Kistiakowsky, and 

Roberts, the heat evolved when an antibody (anti-hemocyanin 

from the horse) reacted with its antigen (hemocyanin of Busycon 
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canaliculatum) was measured. In the region of antibody excess, 
where no precipitate was formed, a value of about 3.0 calories per 
gm. of antigen nitrogen was found (measured at 31°). Since the 
molecular weight of the antigen was found by Svedberg to be 
6,800,000, this corresponds to about 3,300,000 calories per mole of 
antigen. It is believed that this value is probably accurate to 
about 20 per cent. By extrapolation from the results of analyses 
of specific precipitates, it was calculated that the above result 
corresponds to about 40,000 calories per mole of antibody. Pos- 
sible factors affecting this value in the same and in different 
systems are discussed, and the magnitude of the result is shown 
to be reasonable from thermodynamic considerations. Compari- 
son is made with the previous measurement of Bayne-Jones, which 
seems to be much too high. : 


The Toxicity of 3-Fluorotyrosine, 3-Fluorophenylalanine, 3-Fluoro- 
5-Iodotyrosine, and 3 ,5-Difluorotyrosine and Their Effect upon 
the Basal Metabolic Rate of the Rat. By Pavut D. Boyerr, 
R. J. Evans, AND Paut H. Patiurrs. From the Department of 
Biochemistry, University of Wisconsin, Madison 
The toxicity and effect on the basal metabolic rate of the rat of 

certain fluorinated organic compounds, related to precursors of 

thyroxine, have been studied. 

The minimum lethal dose, when given by subcutaneous injec- 
tion, of 3-fluorotyrosine, 3-fluorophenylalanine, 3-fluoro-5-iodo- 
tyrosine, and 3,5-difluorotyrosine was found to be 12.5, 20, 65, 
and slightly greater than 40 mg. per kilo of body weight respec- 
tively. When fed in the ration to growing rats, 3-fluorotyrosine 
inhibited growth at levels as low as 0.0005 per cent, and was lethal 
at levels of 0.004 to 0.005 per cent. The toxic symptoms of these 
compounds were striking, and were characterized by alternate 
periods of convulsion and depression. The toxic effects of 3-fluoro- 
tyrosine were somewhat more violent than the effects of the other 
compounds. 

Comparison of the toxicity of these organic fluorides with sodium 
fluoride, and fluorine analyses on the bones of rats fed 3-fluoro- 
tyrosine, demonstrated that the toxicity of these compounds was 
not due to liberation of inorganic fluorine. 

These fluorinated compounds had no marked effect on the basal 
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metabolic rate of the rat when given by injection or in the ration, 
at levels up to one-half of the lethal level for 4 week periods. The 
3,5-difluorotyrosine had a slight depressing effect on the basal 
metabolic rate when given by injection in doses approximately 
three-fourths of the minimum lethal dose. 


Studies on Extracellular Fluid. By Brernarp B. Bropiz, Max 
M. FrrepMAN, AND Louis R. Ferraro. From the Department 
of Pharmacology, New York University College of Medicine, and 
the Pathological Laboratories, Fordham Hospital, New York 
In previous work we have shown that bromide is distributed in 

the same fraction of body fluids as chloride. Since this “chloride 
space” is considered to be almost identical with the extracellular 
fluid space, we are able to estimate it by injecting bromide. The 
estimation, which avoids the inaccuracies of the thiocyanate 
method, is made by calculating the volume of body fluid through 
which administered bromide is distributed. This method has 
been used to estimate the extracellular fluid of students and of pa- 
tients without edema in order to establish a normal range beyond 
the limits of which the value might be considered pathological. 

The age of the patients ranged from 14 to 65 years and the 
students from 21 to 30. The measurements on twenty male pa- 
tients gave an average of 10.6 + 0.5, on twenty female 9.4 + 0.5, 
on fifteen male students 9.7 + 0.55 liters per sq. meter of body 
surface. A much greater consistency is obtained if the figures are 
expressed in terms of surface area as above, rather than body 
weight. There is a significant difference in the amount of extra- 
cellular fluid between males and females and between active males 
(students) and inactive males (patients). The consistency of the 
measurements suggests the physiological constancy of the amount 
of extracellular fluid. 

Further investigation is progressing on the estimation of extra- 


cellular fluid of patients with edema from cardiac failure and as-— 


cites caused by cirrhosis of the liver and of the quantitative changes 
that occur after various therapeutic measures. 


The Réle of Biotin in Fermentation and the Pasteur Effect. By 
Dean Burk, Ricuarp J. WrnzLer, AND VINCENT DU VIG- 
NEAUD. From Cornell University Medical College, New York 
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City, and National Cancer Institute, National Institute of Health, 
United States Public Health Service 

Few growth factors have been shown to influence respiration or 
fermentation directly. Following earlier work* demonstrating 
that biotin (coenzyme R) may markedly increase Rhizobium res. 
piration (Qo,) without concomitant growth, we now find that biotin 
may greatly increase fermentation by yeast, more directly than 
respiration, and respiration again more directly than growth, 
Fleischmann Strain 139 of distillers’ top yeast, grown at low biotin 
levels (e.g. 0.00001 y per cc.) in Williams’ medium until turbidity 
increase ceases, possesses respiration and fermentation rates some 
twentieth of normal. Biotin addition increases both anaerobic 
and aerobic fermentation rates, perceptibly in minutes, manyfold 
over hours; corresponding respiration increases commence after 
about 1 hour, turbidity increases 2 hours. For these metabolic 
increases to occur, readily available nitrogen is necessary ; ammonia 
is best, and in biotin-deficient yeast is rapidly absorbed only when 
biotin is present. The biotin kinetics are not given by §-alanine, 
inositol, vitamin B,, or vitamin Bg in corresponding experiments. 
Studies with cell-free, low biotin yeast extracts to specify the locus 
of biotin action in fermentation will be described. 

A remarkable feature of biotin-deficient yeast is its uniquely 
high Meyerhof oxidation quotient [3(QN3, — Q&%,) /Qo.] of 10 to 20, 
compared to normal maximum values of about 6. This finding, 
essentially the first physiologically real support for the original 
Lipmann explanation of the Pasteur effect, shows that oxidation 
of fermentation products or intermediates is insufficient to explain 
fermentation decrease by oxygen, and that oxygen must affect the 
state and activity of the fermentation catalysts. 


The Metabolism of /(—)-Tyrosine. By Josern 8. Burrs, Russe. 
O. SInNHUBER, AND Max 8. Dunn. From the Chemistry De- 
partment, Oregon State College, Corvallis, and the Chemical Labo- 
ratory, University of California at Los Angeles, Los Angeles 
When /(—)-tyrosine suspended in a gum tragacanth medium was 

fed to rats which had been fasted 48 hours, there occurred an appre- 

ciable deposition of liver glycogen. This was noted at the end of 


* Allison, Hoover, and Burk, Science, 78, 217 (1933). 
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3 hours and increased progressively at the 6, 9, and 12 hour 
periods, where the level reached 0.69 per cent. The level for the 
control group was 0.04 per cent liver glycogen. This compares 
very well with the amount of glycogen deposited after a similar 
study involving dl-phenylalanine. 

When /(—)-tyrosine was fed to rats in which a ketonuria was 
evoked by feeding sodium butyrate, the acetonuria was decreased 
considerably below the control level. Furthermore an increase in 
urinary nitrogen indicated that the amino acid was undergoing 
metabolism. 

The animals receiving /(—)-tyrosine excreted considerable quan- 
tities of homogentisic acid. No quantitative determinations were 
attempted because we do not feel that there is a method sufficiently 
accurate to warrant its use. 

These results are very different from those given after feeding a 
comparable amount of dl-tyrosine. There was no appreciable 
glycogen formed when the racemic isomer was fed, nor was there 
an increase in urinary nitrogen. Furthermore no ketolytic effect 
followed the feeding of the dl-tyrosine. Lastly no homogentisic 
acid was excreted (as measured by the Briggs method). 


Respiratory Quotient of the Dalmatian Dog. By THorne M. 
CARPENTER AND Harry C. Trimsie. From the Nutrition 
Laboratory, Carnegie Institution of Washington, and the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston 
The respiratory exchange of an adult, female Dalmatian dog 

(weighing 15 kilos) was measured by an open circuit chamber appa- 

ratus in 30 minute periods in two series of experiments 11 months 

apart. Measurements lasting 1.5 to 3 hours were made on 16 con- 
secutive days in 1937 (in early pregnancy) and on 12 consecutive 
days in 1938. The dog was fasted for several days in 1937. Then 

the effects of ingestion of casein (immediately after 30 gm.; 18 

hours after 70, 100, or 175 gm.) or raw lean beef (18 hours after 

600 or 800 gm.) were studied. In 1938 the dog fasted 4.5 days; 

then on 2 separate days ate 350 or 500 gm. of beef 35 minutes 

before the experiments and on two other occasions 11 hours before. 

The dog was catheterized immediately before and following the 

experiments. The urine indicated no acidosis. In 1937 the nitro- 

gen elimination during the measurements varied from 158 to 942 
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mg. per hour; in 1938 from 122 to 714 mg. The non-protein 
respiratory quotients (empirically calculated) ranged from 0.71 to 
0.60 (1937) and from 0.68 to 0.43 (1938). The greater the propor- 
tion of the total respiratory exchange due to protein combustion, 
the lower was the calculated non-protein quotient. When normal 
combustion of fat was assumed (0.71), the corrected protein quo- 
tients ranged from 0.76 to 0.63 (1937) and from 0.76 to 0.57 (1938), 
Formation of sugar from protein and storage thereafter seem ruled 
out, because the low non-protein quotients occurred irrespective of 
time after meat ingestion. If formation of sugar from protein re- 
sulted, there should have been some subsequent period when the 
sugar was burned. No experiment showed at any time high 
enough quotients to indicate a carbohydrate combustion. Con- 
clusion: the respiratory quotient of protein in the Dalmatian dog 
is far below the empirical quotient of 0.81 assumed for protein. 


The Kinetics of the Enzyme-Substrate Compounds of Peroxidase 
and Dihydroxymaleic Acid Oxidase. By Brirron CHANcg. 
From the Johnson Foundation, University of Pennsylvania, 
Philadelphia 
The kinetics of the reactions of peroxidase with hydrogen perox- 

ide and dihydroxymaleic acid have been studied by a modified 
Hartridge-Roughton flow technique. The rate of formation of the 
enzyme-substrate compound and the equilibrium of enzyme and 
substrate have been directly determined. It is found that the 
enzyme and substrate combine in an extremely rapid reaction 
comparable to the reaction of oxygen and muscle hemoglobin (Mil- 
likan) and the calculated combination of catalase and hydrogen 
peroxide (Haldane). The bimolecular constant is 1 x 107 liter 
mole! sec.-'. Equilibrium studies indicate a practically irre- 
versible combination of enzyme and substrate and confirm Keilin’s 
qualitative observation that the enzyme-substrate compound rep- 
resents 1 mole of peroxide per mole of hematin iron. 

In the presence of dihydroxymaleic acid, peroxidase acts as an 
oxidase (Theorell). The kinetics of the enzyme-substrate com- 
pound due to reaction with this substance are quite similar to those 
obtained with hydrogen peroxide. The type of spectral shift, the 
affinity, the equilibrium constant, and, for low dihydroxymaleic 
acid concentrations, the rate of formation and breakdown of the 
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intermediate compound are identical to the corresponding proper- 
ties in the presence of hydrogen peroxide. It is evident that the 
intermediate compound is of peroxidase-hydrogen peroxide and 
that the substrate is formed from dihydroxymaleic acid at a rate 


- somewhat in excess of the rate of formation of the enzyme-sub- 


strate compound. The formation and breakdown of this com- 
pound govern the kineties of the oxidase properties of peroxidase. 


Studies in the Calcium-Protein Relationship with the Aid of the 
Ultracentrifuge. By ALFrep CHANUTIN, STEPHAN LUDEWIG, 
anp A. V. Masker. From the University of Virginia, Uni- 
versity 
Calcium and protein determinations were made on fractions of 

blood serum, casein, and egg albumin solutions obtained after 
centrifuging at 1000 revolutions per second for about 3 hours. The 
Ca ion concentration and the calcium-combining properties of pro- 
teins were studied in these solutions after varying amounts of 
calcium chloride were added. The results indicated that the cal- 
cium bound to 1 gm. of protein varied markedly with the concen- 
tration of total calcium present. The casein and egg albumin 
solutions presented a linear relationship between calcium and pro- 
tein concentrations. Changes in hydrogen ion concentration 
within physiological limits had little effect on the Ca ion concen- 
tration. 

The formation of colloidal calcium phosphate was studied in 
vitro by varying the calcium and phosphate concentrations in pro- 
tein solutions. The calcium ion concentration was markedly de- 
pressed by adding phosphate. 


The Effect of Anticoagulants on the Electrophoretic Behavior of 
Human Plasma Proteins. By Erwin Cuarcarr, Morris 
Zirr, AND Dan H. Moore. From the Departments of Bio- 
chemistry and Surgery, and the Electrophoresis Laboratory, College 
of Physicians and Surgeons, Columbia University, New York 
The inhibiting effect of heparin on the action of thrombin and, 

therefore, on the coagulation of blood is known to be mediated 

through a factor, the heparin complement, which is present in the 
serum albumin fraction, but is absent from the crystalline serum 
albumin. It appeared of interest to examine the influence of anti- 
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coagulants on the electrophoretic behavior of plasma proteins, 
By means of the Tiselius apparatus the electrophoresis patterns 
resulting from the addition of heparin and other anticoagulants to 
human plasma, dialyzed plasma, and various albumin preparations 
from human plasma were studied. Most heparin samples ex- 
amined and synthetic anticoagulants (cellulose sulfuric acid, ger- 
manin) caused the appearance of a new electrophoretic component 
(designated C component) which migrated with a mobility inter- 
mediate between that of heparin and albumin. There was also 
evidence for a reaction between heparin and the plasma globulins, 
Substances devoid of anticoagulant activity, like chondroitin sul- 
furic and benzene sulfonic acids, failed to change the normal 
electrophoresis pattern of plasma. 

The natural clotting inhibitor is considered as a complex be- 
tween heparin and a component of the plasma albumin fraction, 
the heparin complement. By means of electrophoretic separation 
experiments in which plasma albumin preparations were, in pres- 
ence of heparin, divided into three albumin fractions, it could be 
shown that the fast and middle fractions in contrast to the slow 
fraction contained the heparin complement. 


Biochemical Aspects of Metakentrin (Interstitial Cell-Stimulating 
Hormone). By B. F. Cnuow, H. B. van Dyxez, R. O. Grezp, 
A. Roruen, AND T. SHepLovsky. From the Division of Phar- 
macology, The Squibb Institute for Medical Research, New Bruns- 
wick, and the Division of Physical Chemistry, The Rockefeller 
Institute for Medical Research, New York 
Although the pure protein isolated by us from hog pituitary is 

highly active in the repair and stimulation of interstitial cells, we 
have carried out further studies to test the possibility that the 
protein may be merely a carrier of a hypothetical, extremely active 
hormone present only in traces. When dissolved protein is largely 
removed either by electrolysis or by ultracentrifugation, the bio- 
logical activity remains constant per unit weight of protein nitro- 
gen. The activity in terms of nitrogen units is found not to vary 
in different preparations. The biological potency of the protein 
is the same if the undissolved portion (slight excess present in an 
appropriate solvent) is compared with the dissolved portion (great 
excess in the same solvent). These experiments indicate that the 
pure protein is indistinguishable from the hormone. 
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Recently, Li, Evans, and Simpson isolated an electrophoretically 
homogeneous metakentrin from sheep glands. Our hog prepara- 
tion has an isoelectric point of pH 7.45, whereas according to Li 
and others their sheep preparation has an isoelectric point of 4.6 
to 4.8. Electrophoretic studies of crude extracts of hog and sheep 
pituitary glands indicate that the electrical mobilities of the hor- 
mones from the two species of animals are different. 

About 400 y of spread protein were collected from surface films 
about 12 A. thick and were found completely inactive by biological 
assay. 

It is concluded that (1) interstitial cell-stimulating hormone 
(metakentrin) has been isolated in pure form from hog anterior 
pituitary and (2) hog metakentrin and sheep metakentrin are 
different proteins. 


Observations on the Purification of Anterior Pituitary Hormones. 
By Leon 8. CrereszkKo AND ABRAHAM Wuite. From the De- 
partment of Physiological Chemistry, Yale University School of 
Medicine, New Haven. 

Saline extracts of whole, beef pituitary glands have been pre- 
pared as previously described.* To a saline extract is then added 
a 0.1 saturated Pb(C.H;O2)2 solution until no further precipitation 
occurs. After removal of the precipitate by centrifugation, the 
supernatant is freed of lead by the addition of phosphate buffer 
(pH 7.4), followed by centrifugation of the precipitate. The clear 
supernatant contains only 15 to 20 per cent of the total nitrogen 
present in the original extract, and shows marked thyrotropic, 
gonadotropic, and adrenotropic activity when assayed in 3 day-old 
chicks. Further purification and separation of these three types 
of activities have been sought and partially achieved with both 
acetone and picric acid fractionation. Growth-promoting and 
ketogenic activities are also present in the purified extract but the 
relative concentrations of these, as compared with the original 
saline extract, indicate losses due to adsorption on removed pre- 
cipitates. 

The presence of hormonal activity in the supernatant remaining 
after lead precipitation has suggested the use of other approaches 
which have the advantage of eliminating preliminary procedures 


* Bonsnes, R. W., and White, A., Endocrinology, 26, 990 (1940). 


q 
| 


XXVill Scientific Proceedings. XXXV 


necessary to remove the bulk of tissue protein contaminating the 
usual pituitary extracts. The extraction of freshly ground, whole 
beef pituitary glands with 2.5 per cent trichloroacetic acid solution 
yields an extract from which may be prepared fractions having 
marked thyrotropic activity, with a lesser degree of gonadotropie 
and adrenotropic activity as compared with the extract obtained 
by the lead procedure. The further fractionation of both types of 
extracts is being studied. 


Studies on Colored Esters of Hydroxy Steroids. By J. R. Corpr- 
MAN. From the Department of Biochemistry of the University 
of Chicago, Chicago 
Benzene azo-p-benzoy! chloride has been used to produce colored 

esters of hydroxy steroids. Esters of androsterone, isoandros- 
terone, dehydroisoandrosterone, pregnanediol, and cholesterol 
have been prepared, and purified by chromatographic adsorption 
followed by crystallization. A mixture of the esters of andros- 
terone, isoandrosterone, dehydroisoandrosterone, and cholesterol 
has been separated into its constituents by adsorption on aluminum 
oxide with recoveries of 90 to 95 per cent. This method appears to 
offer a qualitative and quantitative means of separation and 
identification of hydroxy steroids in relatively small quantities 
from biological sources. 


Transamination in Normal and Tumor Tissue. By Puiuir P. 
Conen AND G. LeverNE Hexkuuts. From the Laboratory of 
Physiological Chemistry, Yale University School of Medicine, 
New Haven 
The transaminase activity of homogenized preparations of vari- 

ous tissues was determined at different dilutions with the systems: 

(1) glutamic acid + oxaloacetic acid = a-ketoglutaric acid + 

aspartic acid; (2) glutamic acid + pyruvic acid = a-ketoglutarie 

acid + alanine. (Incubated anaerobically for 15 minutes at 38°; 
substrate concentration, 0.016 mM) a-ketoglutaric acid formation 
was followed in both reactions (1) and (2), and in addition, pyruvic 

acid disappearance was measured in reaction (2). 

The order of transaminase activity expressed in arbitrary units 
for the different normal rat tissues with reaction (1) is as follows: 
heart muscle 80, liver 75, brain 47, kidney 40, testis 12. With 
five mouse tumors the following values were observed: Yale 
No. 1, 15; T-108, 12; T-17, 11; T-42, 8; S-37, 1. 
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The transaminase activity with the same tissues in the case of 
reaction (2) was appreciable only in liver and heart muscle (rat 
skeletal muscle was also active). None of the tumors showed any 
measurable activity with reaction (2). 

The use of d(—)-glutamic acid in place of 1(+)-glutamie acid 
in reaction (1) resulted in no measurable transamination in either 
normal or tumor tissue. 

Experiments now in progress suggest that an inverse relation- 
ship exists between the transaminase content of tissues and the 
rate of protein synthesis. 


The Phospholipids in the Thromboplastic Protein from Lungs. 
By Seymour 8. Conen. From the Department of Biochemistry, 
College of Physicians and Surgeons, Columbia University, 
New York 
The phospholipids in the thromboplastic protein from lungs have 

been shown to be stably bound to the protein moiety in a linkage 

which apparently is not that of a salt. They were extracted from 
the protein by alcohol-ether and fractionated in the usual way. 

Sphingomyelin was purified through the reineckate. Both the 

‘lecithin’ and “cephalin’’ fractions showed considerable clotting 

activity, which was appproximately equal in both fractions. The 

active fractions were hydrolyzed and characterized by their con- 
tent of fatty acids, glycerophosphoric acid, and bases. The 
saturated acids were mainly a mixture of palmitic and stearic 
acids. The unsaturated acids, fractionated by means of their 
bromides, yielded very small amounts of poly-, hexa-, and tetra- 
bromides. The bulk consisted of dibromides which after de- 
bromination were quantitatively hydrogenated. About three- 
quarters of the glycerophosphoric acid was present as the a form. 

Most of the non-amino nitrogen of the “‘lecithin’”’ was isolated as 

the mercuric chloride double salt of choline. Ethanolamine was 

determined as the picrolonate and corresponded to only 3 and 

8.5 per cent of the amino nitrogen of the “‘cephalin” and “lecithin”’ 

fractions respectively. The presence of another primary base, 

which may be connected with the thromboplastic activity of the 
phospholipids, is suggested. 


Preparation of a Heat-Stable Protein Which Activates Hexokinase. 
By Stpney P. Cotowick AND HerMan M. Katcxkar. From 
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the Department of Pharmacology, Washington University School 

of Medicine, St. Louis 

It was recently reported* that yeast hexokinase which, in the 
presence of Mg**, catalyzes the reaction adenosine triphosphate + 
hexose — adenosine diphosphate + hexose-6-phosphate does not 
catalyze the reaction adenosine diphosphate + hexose — adeno- 
sine monophosphate + hexose-6-phosphate unless there is also 
added a heat-stable protein which occurs in muscle. 

The protein is prepared by boiling a water extract of rabbit 
muscle with 0.1 volume of Nn HCI for 5 minutes, cooling, neutraliz- 
ing, and centrifuging. The large precipitate is discarded; the clear 
supernatant fluid is saturated with ammonium sulfate and the 
precipitate redissolved in a smaller volume and fractionated. The 
most active protein fraction, which is precipitated between 60 and 
75 per cent saturation with ammonium sulfate, has a marked effect 
in a concentration of 1 y per cc. Crude muscle extract shows a 
corresponding activity in a concentration of about 25 y of protein 
per cc. 

The protein is slowly inactivated when kept in cold, alkaline 
solution and is rapidly inactivated by small amounts of hydrogen 
peroxide in neutral solution at 25°. In either case, addition of 
glutathione or cysteine restores the activity completely. Pepsin 
destroys the protein irreversibly. 

The relative yields of the active protein when various tissues are 
extracted immediately with hydrochloric acid, in order to mini- 
mize autolysis, are as follows: muscle 100, heart and brain 5, 
kidney, liver, and bakers’ yeast 0. 


Poising of Plasma. By Tuomas B. Cootipae. From the De- 
partment of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina 
The potentials in plasma described by Russian and German 

workers have been confirmed and similar potentials in urine 

measured. It has been shown that these potentials are poised. 

An attempt to explain the poising mechanism has been made and 

the interaction of oxygen, of uric acid, and of an ether-soluble 

substance appears probable. The potentials are thought to be of 


* Colowick, S. P., and Kalckar, H. M., J. Biol. Chem., 187, 789 (1941). 
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interest in relation to the state of complement, of bilirubin, and of 
methemoglobin in plasma. 


The Normal Rate of Reversion of Methemoglobin to Hemoglobin. 
By W. Cox anp B. From the 
Department of Chemistry, School of Biological Sciences and 
College of Medicine, University of Tennessee, Memphis 
Methemoglobinemia was induced in dogs by oral and intravenous 

administration of a number of organic and inorganic substances. 

The accumulation and subsequent disappearance of methemo- 

globin were followed quantitatively. The most rapid rate of dis- 

appearance of methemoglobin (uncatalyzed, e.g., by methylene 
blue) was seen in animals which had received sodium nitrite, 
o-aminophenol, or p-aminophenol intravenously. The average 
rates following injection of nitrite (twenty-two animals), o-amino- 
phenol (three animals), and p-aminophenol (six animals) were, 
respectively, 11.2, 11.1, and 11.5 per cent of the total pigment per 
hour. On this account and for the following reasons it is suggested 
that the normal physiological rate of reduction of methemoglobin 
to hemoglobin in dogs is about 11 per cent of the total pigment 
per hour. (1) Sodium nitrite, following intravenous injection, 
rapidly disappears from the blood, and at the time of maximal 
methemoglobin concentration is not detectable by the starch- 
iodide test. (2) The rate of reduction of methemoglobin formed 
by nitrite is the same in vivo and in vitro. (3) The rates of reduc- 
tion of methemoglobin formed by dissimilar chemical species 

(nitrite and aminophenols) are the same. 

Methylene blue accelerates the reduction of methemoglobin in 
dogs which have received acetanilide, aminophenol (ortho and 
para), aniline, dimethylaniline, nitrobenzene, and sodium nitrite. 

Variations in glucose concentration between 50 and 250 mg. 
per cent have no effect in vivo or in vitro upon the rate of methe- 
moglobin reduction. 


The Chemistry of Infectious Diseases. III. Polarographic 
Studies of the Effect of Denaturing Agents and Enzymes on 
Blood Sera of Normal and Pneumococcus-Infected Dogs. By 
M. L. Crossitey, R. H. Krenite, Bruno VasseL, AND G. L. 
CuristopHer. From the Research Laboratories of the American 
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Cyanamid Company, Stamford, Connecticut, and Bound Brook, 

New Jersey 

The polarographic wave heights of sulfosalicylic acid filtrates of 
undenatured and alkali-denatured sera from normal dogs are lower 
than those from pneumococcus-infected dogs. The structure of 
the typical protein double wave of undenatured filtrates remains 
unaltered throughout infection, while alkali denaturation causes a 
disappearance of the double wave. This effect is rapid for sera 
from severely infected dogs and becomes slower with a decrease 
in the severity of infection. Normal sera require up to 240 min- 
utes of denaturation to produce polarograms of equal wave height 
and shape. When wave height is plotted against time of alkali 
action, the polarograms of normal dog serum filtrates decrease in 
height during the first 10 minutes, then increase slowly to a limiting 
value at 150 to 240 minutes. Infected serum filtrates, however, 
cause an initial rise in wave height under like conditions. The 
most severely infected dog sera increase the fastest. After the 
maximum is reached, the polarograms decrease in height, ap- 
proaching rapidly the values of those from normal serum filtrates. 
Detergents when added to normal or infected sera cause no change 
which can be detected with the polarograph. 

Trypsin and pepsin exert no effects on normal sera which cannot 
be duplicated on infected sera. However, tryptic digestion liber- 
ates polarographic active groups which increase the wave height 
only, while pepsin causes a disappearance of the double wave in 
addition to an increase in wave height. 


The Effect of Dietary Changes on the Nitrogen Retention in 
Hyperthyroids. By F. E. DeatHeraGe, Nevis Lou Carotn- 
ERS, AND JEAN SPOONER. From the Departments of Biochemistry 
and Nutrition, State University of Iowa, Iowa City 
During a control period hyperthyroid patients were fed a diet 

containing 1.0 to 1.45 gm. of protein per kilo of body weight, 

100 gm. of fat, and carbohydrate to satisfy the caloric require- 

ments of the patients calculated from their basal metabolic rates. 

This was followed by a period in which the diet was supplemented 

with carbohydrate, or protein or fat was substituted for its caloric 

equivalent of carbohydrate. 
In six patients whose nitrogen balance in control periods ranged 
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from —6.54 gm. to —0.41 gm. per day (average —2.62), a caloric 
increase of 35 to 40 per cent as carbohydrate changed the nitrogen 
balance in a positive direction 1.02 to 3.43 gm. (average 1.73). 

In seven patients with nitrogen balance in the control period 
ranging from —2.18 gm. to +0.78 gm. per day (average —1.02), 
a 45 per cent increase in protein changed the nitrogen balance in 
a positive direction from 0.5 to 5.94 gm. per day (average 3.75). 

Two patients showed a nitrogen balance in the control period 
of +1.43 and +0.80 gm. per day. When their fat intake was 
increased 65 per cent, their respective nitrogen balances were 
—0.08 and —2.20 gm. per day. 

Creatine excretion in the three series showed that increased 
carbohydrate intake slightly decreased the creatinuria, that in- 
creased protein intake slightly increased the creatinuria, and that 
the high fat diet gave a very definite rise in creatine excretion, 
almost doubling in one case. 


The Mechanism of Action of Sulfapyridine. By ALserr Dorr- 
MAN, Lester Rick, AND Stewarr A. From the De- 
partments of Biochemistry and of Bacteriology and Parasitology 
of the University of Chicago, Chicago 
Previous work in this laboratory has demonstrated that nicotin- 

amide stimulates the respiration of dysentery bacilli grown on a 
synthetic medium deficient in nicotinamide. This stimulation is 
completely inhibited by the addition of sulfapyridine, acetylsul- 
fapyridine, or sulfathiazole. The activity of acetylsulfapyridine 
cannot be attributed to the formation of free sulfapyridine, since 
dysentery bacilli are unable to acetylate or deacetylate sulfapyri- 
dine as demonstrated by recovery experiments. Sulfanilamide 
does not have this specific activity, causing only a small inhibition 
unrelated to the nicotinamide stimulation. The inhibition by 
sulfapyridine can be partially reversed by the addition of an excess 
of nicotinamide, or by washing the cells with buffer. Thus the 
active compounds apparently compete with nicotinamide for the 
enzyme or enzymes. 

On the basis of this evidence it is postulated that sulfapyridine 
may owe its therapeutic activity to two different groups; namely, 
the sulfanilamide moiety which causes the non-specific inhibition 
obtained with sulfanilamide, and the pyridine group which specifi- 
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cally inhibits the activity of the enzymes associated with nicotin- 
amide and related compounds. Sulfathiazole acts in a similar 
manner, since the thiazole group is isosteric with the pyridine group 
in sulfapyridine. This 2-fold activity of sulfapyridine may ac- 
count for the greater efficiency of this compound over sulfanil- 
amide in the treatment of a number of diseases. 


The Penetration of Organic Substances into Cells and Their 
Reaction with Cell Constituents; a Spectrophotometric Study. 
By Davin L. Drapkin. From the Department of Physiological 
Chemistry, School of Medicine, University of Pennsylvania, 
Philadelphia 
Little information is available concerning the reaction of organic 

compounds with cellular constituents within cells. Such informa- 

tion would be fundamental in understanding the mechanism by 
which biological effects are produced by many powerful organic 
agents. 

With the above general object in view, the precise study of the 
absorption spectra of suspensions of cells has been continued. The 
extrapolation of the absorption spectra of the turbid suspensions 
to the corresponding spectra in clear solution has been simplified 
by the earlier finding* that above a certain number of particles 
in the suspensions the extinction due to the “scattering” of light 
is constant. 

Washed dog erythrocytes, suspended in 0.95 per cent NaCl have 
been exposed to different concentrations of ascorbic acid and 
NaS.O,. With the latter, under our conditions, the conversion 
of intracellular HbO, to Hb is virtually instantaneous. Exposure 
of the cells to varying concentrations of pyridine and pyridine 
plus NaeS.O, results in the rapid intracellular conversion of the 
hemoglobin into a pigment which yields the spectrum of pyridine 
hemochromogen (pyridinoferri- and ferroprotoporphyrin). As far 
as is known, this is the first instance that an intracellular reaction 
of this type has been reported. 

An extension of this type of study to suspensions of muscle 
cells permits the deduction that pyridine can react analogously 
with cytochrome C within the muscle cells. 


* Drabkin, D. L., and Singer, R. B., J. Biol. Chem., 129, 739 (1939). 
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The Distribution of Body Water and Electrolytes in Skeletal 
Muscle in Dogs with Impaired Renal Function Following In- 
jection of Potassium Salts. By 
From the Lasker Foundation for Medical Research and the De- 
partment of Medicine of the University of Chicago, Chicago 
Data are given on the changes in water and electrolyte distribu- 

tion in skeletal muscle in the organism with derangement of renal 

function, both before and after increases in body potassium and 
total body water, produced by the intravenous injection of an 
isotonic solution containing 25 mm of KHCO; + 129 mm of NaCl. 

These data are compared statistically with those obtained on 

normal dogs. All data are expressed in terms of fat-free, blood- 

free muscle. The reduction of kidney function was produced by 
experimental hydronephrosis. Two groups of dogs were studied, 
one group possessing a single hydronephrotic kidney and the other 
group having both kidneys in an advanced stage of hydronephrosis. 

Muscles from the dogs with the single hydronephrotic kidney 

did not differ in water distribution or electrolyte content from the 
muscles of normal animals, either previous to or following the 
potassium injections. Muscles from the dogs in which both kid- 
neys were hydronephrotic showed before injection a decreased 
percentage of intracellular water (70.9 per cent, ¢ +0.4), accom- 
panied by a significantly lowered concentration of potassium (39.3 
mm per 100 gm. of solids, ¢ +0.44). After the simultaneous in- 
creases in body water and potassium, the additional water was 
distributed as in the normal organism. Therefore, in these ex- 
periments there was no indication of any influence of an increased 
potassium concentration upon the distribution of fluid in skeletal 
muscle in the organism with impaired renal function. 


The Transfer of Ions across the Stomach Wall, Studied by Means 
of Radioactive Isotopes. By A. J. E1senman, P. K. Smrrn, 
A. W. WINKLER, AND J. R. Evxtnron. From the Department 
of Internal Medicine and the Laboratory of Pharmacology, Yale 
University School of Medicine, New Haven 
Isotonic solutions containing radioactive isotopes of Cl-, Nat, 

and K* were introduced into the stomachs of rabbits previously 

ligated at the pylorus. Sometimes non-radioactive solutions con- 
taining br~ and I~ were introduced as well. In a parallel series 
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of observations solutions were placed in an isolated gastric pouch 
of the stomach of a dog. By a comparison of the specific radio- 
activity of serum or tissue at the end of an hour with that of 
gastric juice an estimate of the degree of absorption was obtained, 

Nat, K+, Cl-, Br-, and I~ placed within the stomach were al] 
transferred to some extent across the stomach wall into the general 
circulation. The transfer after 1 hour was, however, too slight 
to permit an approach to equilibrium. On the other hand, equilib- 
rium between intestinal contents and serum was very nearly at- 
tained within the same time in control experiments in which the 
pylorus was not obstructed. The transfer of Na* and of K+ was 
much slower than that of Cl-, which in turn was slower than that 


of Br~ and I-. 


Synthetic Calcium Pantothenate in the Nutrition of the Rat. By 
C. A. Ev.vensem, L. M. Henperson, 8. Back, E. Nrgt- 
sEN. From the Department of Biochemistry, University of 
Wisconsin, Madison 
Weanling rats placed on a diet containing sucrose 75, casein 

(Labeo) 18, salts 4, corn oil 2, thiamine 0.3 mg., riboflavin 0.3 
mg., nicotinic acid 2.5 mg., pyridoxine 0.3 mg., choline 200 mg., 
and haliver oil 2 drops per week grow about 5 gm. per week over a 
6 week period. Some of the rats die of adrenal necrosis before 
the end of 6 weeks. The addition of 5 y daily of calcium panto- 
thenate prevents adrenal necrosis but gives little growth response. 
Levels of calcium pantothenate between 10 and 50 y produce a 
large growth increment with each increasing level of supplement. 
The growth response is proportionately less between 50 and 100 7, 
with no significant increase above 100 y. Much better growth 
results with 25 to 50 y of pantothenic acid in the form of liver 
extract, as measured by microbiological assay, than is obtained 
with 25 to 50 y in pure form. In piebald rats on this ration severe 
graying results with levels of 10 to 25. At levels of 50 y there is 
a partial protection and with higher levels the protection is com- 
plete in most cases. Balance studies show that the feces from 
the rats always contain a significant amount of pantothenic acid 
and that this amount is independent of the pantothenic acid in- 
take. The pantothenic acid content of the urine varied with the 
pantothenic acid intake. The relation of these results to studies 
on other possible factors in liver extract will be discussed. 
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A Possible New Member of the Vitamins A; and A, Group. By 
Norris DEAN EmMBREE AND EpGar M. SuHanrz. From the 
Laboratories of Distillation Products, Inc., Rochester, New York 
A substance, tentatively called subvitamin A, which occurs in 

traces in liver oils of several fishes has properties related to those 

of vitamin A; and vitamin A». Some of these properties are as 
follows: absorption on alumina, strong (subvitamin A, vitamins 

A, and A,); ultraviolet absorption, single band (subvitamin A, 

vitamins A; and A»); \ of maximum, my, 310? (subvitamin A), 

328 (A,), 355 (As); color with SbCl;, blue (subvitamin A and 

vitamin A,), blue-green (A,); \ of maximum absorption, my, 620 

(subvitamin A and vitamin A,), 695 (A). Cyclized product:* 

ultraviolet absorption, triple band (subvitamin A, vitamins A; and 

A.);\ of maximum, my, 349 (subvitamin A), 369 (vitamins A; and 

A,); absorption on alumina, strong (subvitamin A and vitamin 

A.), weak (A); \ of maximum absorption of SbCl; color, my, 620 

(subvitamin A and vitamin A;), 695 (Ag). 


Effect of Calcium Pantothenate and Other Vitamin B Factors on 
Liver Fat. By R. W. Encev. From the Laboratory of Animal 
Nutrition, Alabama Polytechnic Institute, Auburn 
Weanling rats fed a synthetic diet supplemented with carotene, 

ealeiferol, thiamine, riboflavin, pyridoxine, corn oil, and choline 

chloride had a low content of liver fat at the end of 3 weeks. The 
addition of a pantothenic acid fraction (filtrate factor 2) of liver, 
or of rice polish, produced approximately a 100 per cent increase 
in liver fat, the response from rice factor 2 being slightly lower. 

The addition of crystalline calcium pantothenate produced similar 

increases in liver fat. These results indicate that the pantothenic 

acid contained in the liver and rice concentrates was responsible 
for the increases in liver fat which resulted when these substances 
were present in the diet. 

When thiamine or riboflavin was omitted from the diet con- 
taining either factor 2 or calcium pantothenate, very low levels of 
liver fat resulted at the end of 3 weeks. The lack of pyridoxine 
in the diet had no effect on liver fat over a 3 week experimental 
period. However, at the end of a 7 week experimental period 


* Obtained by reacting with aleoholie HCl. (Embree, N. D., and Shantz, 
E. M., J. Biol. Chem., 182, 619 (1940)). 
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tracted small amounts of protein. The residual insoluble protein 
amounted to 87 per cent of the total protein, and to 0.09 per cent 
of the volume of the original mesogloeal jelly. The residual pro- 
tein, after electrodialysis and alcohol extraction, contained 15,4 
per cent nitrogen. The carbohydrate content was estimated as 6 
per cent (Sgrensen-Haugaard); cystine, 1.4 per cent (Folin- 
Marenzi); tyrosine, 2.5 per cent (Lugg); tryptophane < 0.1 per 
cent (Lugg). 


The Metabolism of a-Estradiol and Estrone. By Wim R. 
Fish AND Rapa I. DorrMan. From the Laboratory of Physi- 
ological Chemistry, the Laboratories of Primate Biology, and the 
Adolescence Study Unit, Yale University School of Medicine, 
New Haven 
The metabolism of a-estradiol and estrone was studied in normal 

female and male guinea pigs, ovariectomized guinea pigs, and 

ovariectomized-hysterectomized rabbits. 

The estradiol was administered subcutaneously or orally in the 
form of its dipropionate, while estrone was given orally as both the 
free compound and its benzoate. Urine was collected quantita- 
tively during the administration period and for the succeeding 3 
to 5 days. From the phenol fractions of benzene extracts of these 
urines, crystalline metabolites were isolated and identified. 

After the administration of a-estradiol or estrone to ovariecto- 
mized guinea pigs, estrone was isolated from the urine. When 
a-estradiol was administered to either normal female or normal 
male guinea pigs, estrone was recovered from the urine. Follow- 
ing the administration of a-estradiol to ovariectomized-hysterec- 
tomized rabbits, both estrone and 6-estradiol were demonstrated 
in the urine. 

It appears, therefore, that, at least in the guinea pig and rabbit, 
a-estradiol may be converted to estrone and that this conversion 
is independent of the ovaries and uterus. In the rabbit it has been 
shown that a-estradiol may be converted to both estrone and 


B-estradiol. 


The Effect of Stilbestrol on the Plasma Phospholipids of the Cock. 
By E. V. Frock anp J. L. Bottman. From the Division of 
Experimental Medicine, The Mayo Foundation, Rochester, 


Minnesota 
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Estrogens, natural and synthetic, are known to produce intense 
lipemia in fowls. Because large* and rapidt changes occur in the 
phospholipids, it appeared desirable to attempt a fractionation of 
these. The procedure adopted involved the direct determination 
of the choline-containing fraction by hydrolysis of the choline 
with gaseous hydrogen chloride in absolute methyl] alcohol, fol- 
lowed by precipitation as the enneaiodide as described by Kirk. 
Cephalin was calculated by subtracting the amount of the choline 
fraction from the amount of the total phospholipids. 

Stilbestrol in oil was administered subcutaneously in daily doses 
of 1 mg. per kilo for 6 days to cocks. The total phospholipids in 
the plasma increased 2- to 4-fold in 24 hours and to as high as 
10- to 12-fold in 6 days, which means that the concentration in 
the plasma was then as high as that in the liver. Within 5 days 
after cessation of the administration of stilbestrol the concentra- 
tion of total phospholipids returned to normal. 

The choline-containing phospholipids (lecithins and sphingo- 
myelins) and the choline-free phospholipids (cephalins) both 
showed very large increases but the increases were more rapid and 
greater in the choline fraction. When the administration of stil- 
bestrol was discontinued, both the choline and cephalin fractions 
decreased. The concentration of cephalin decreased to subnormal 
levels which persisted in eight roosters for as long as 33 days. 


Studies on Fat Metabolism and Susceptibility to Carbon Tetra- 
chloride. By J. C. Forses, B. E. Leacu, anno E. L. Ovur- 
HousE. From the Medical College of Virginia, Richmond 
The significance of the following phases of fat metabolism in re- 

gard to the protective mechanism of animals against carbon 

tetrachloride poisoning will be discussed: (1) concentration of liver 
lipids; (2) concentration of serum lipids; (3) rate of ketone body 
formation; (4) active fat metabolism. 

The experimental results to be reported show that the animal’s 
resistance bears no relationship to the fat content of the liver. 
Animals on low choline-high fat diets with fatty livers up to about 
30 per cent, fasted for 24 hours, have been found to be only slightly 


* Landauer, W., Pfeiffer, C. A., Gardner, W. U., and Man, E. B., Proc. 
Soc. Exp. Biol. and Med., 41, 80 (1939). 

t Entenman, C., Lorenz, F. W., and Chaikoff, I. L., J. Biol. Chem., 184, 
495 (1940). 
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more susceptible than normal rats fasted for the same period of 
time. 

The administration of fat (filtered butter) by stomach tube 
several hours before the time of poisoning, however, definitely in- 
creases the animal's susceptibility. No increased susceptibility 
follows fat administration if the animals are in a protected state 
from previously injected xanthine. The concentration of blood 
lipids of the protected animals does not differ from that of the 
corresponding control animals. Consequently, the concentration 
of serum lipids cannot be an important factor in determining the 
animal’s resistance. That the degree of ketonemia likewise is 
not important is shown by the fact that the ketonemia of fasting 
is not influenced by subcutaneous xanthine administration. 

Since both fasting and the feeding of fat result in an increase in 
the fat content of the Kupffer cells of the liver, it is suggested that 
the metabolic state of these cells may be the most important factor 
determining the resistance of animals to carbon tetrachloride. 


The Effect of Sulfanilamide on the Acid-Base Equilibrium of the 
Dog. By Atrrep H. Free, Donato E. Bowman, Dean F. 
Davies, AND Victor C. Myers. From the Department of 
Biochemistry, School of Medicine, Western Reserve University, 
Cleveland 
The effect of sulfanilamide administration on the acid-base 

equilibrium of the body is a controversial subject. Many of the 

data have been collected from clinical material in which complicat- 
ing conditions were present. Very few data are available on ex- 
perimental animals. 

Normal dogs were given single doses of sulfanilamide, and sulf- 
anilamide accompanied by sodium citrate. The subsequent blood 
and urine changes were studied with particular reference to the 
acid-base equilibrium. 

In another series of experiments, dogs were given sulfanilamide 
or mixtures of sulfanilamide and sodium citrate over periods vary- 
ing from 6 to 12 days. The dosage of sulfanilamide was adjusted 
to maintain blood levels of the drug similar to those used in clinical 
medicine in the treatment of severe infections, Blood and urine 
studies were made twice per day during the period of drug adminis- 
tration. A slight but consistent decrease of serum CQO, content 
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of approximately 5 volumes per cent was observed in the animals 
receiving sulfanilamide but this was not accompanied by any 
significant change in serum pH. Simultaneous administration of 
sodium citrate with sulfanilamide prevented the decrease in CO; 
content and maintained a constant pH. 

Similar experiments with the continuous administration of sulf- 
anilamide and sulfanilamide-sodium citrate mixtures were per- 
formed during ingestion of a low salt diet. The effects of sulfanil- 
amide on the acid-base equilibrium were not materially different 
than with the normal salt diet. 

White and red cell counts and hemoglobin estimations were 
carried out in all experiments but no significant alteration occurred. 


The Distribution of Certain Oxidative Enzymes in the Ciliary 
Body and Chorioid Plexus. By J. 8. FrrsepENWALD AND H. 
HERRMANN. From the Wilmer Ophthalmological Institute of the 
Johns Hopkins University and Hospital, Baltimore 
Previous studies have shown that there is a difference in the 

apparent oxidation-reduction potential of the epithelium from that 
of the stroma in the ciliary body and chorioid plexus. This dif- 
ference in potential has been attributed to a difference in the 
respiratory enzyme systems of the two tissue components. We 
have found that the epithelium and stroma can readily be separated 
by stirring the tissue in various suspension fluids. The oxygen 
uptake of the separated tissues was determined manometrically 
with p-phenylenediamine or succinate as substrate. Almost all 
of the very considerable activity was confined to the epithelium. 
The partial inactivation of the oxidizing system which occurs 
during the separation can be relieved by the addition of cyto- 
chrome C. Nevertheless, the oxidizing system differs from that 
of the heart in yielding only a small oxygen uptake with hydro- 
quinone, though large activities with this substrate are achieved 
if cytochrome C is added. 

Dehydrogenase activity was tested by anaerobic methylene blue 
reduction and manometrically with ferricyanide. Almost all 
activity for succinate was in the epithelium, but the activity for 
malate, lactate, hexose diphosphate, and glycerophosphate was as 
high per cell in the stroma as in the epithelium. These findings 
are in accord with previous conclusions that oxygen is available 


P 
| 

/ 


xliv Scientific Proceedings. XXXV 


as hydrogen acceptor for the stroma chiefly by interaction through 
the epithelium. 


Studies on the Mechanism by Which Anterior Pituitary Prepara- 
tions Produce Nitrogen Storage. By O_tiver Henry GArsier 
AND ABNER R. Roptnson. From the Department of Laboratories, 
Henry Ford Hospital, Detroit 
In previous studies of this series it was found that single large 

injections of suitable anterior pituitary preparations caused nitro- 
gen storage and no obvious diabetogenic effects in normal, fed 
bitches. In depancreatized ones, receiving a constant diet and 
constant supply of insulin, the same preparations caused nitrogen 
loss, hyperglycemia, glycosuria, lipemia, and ketosis. 

We have produced nitrogen storage by administering these 
pituitary preparations to depancreatized bitches and simultane- 
ously increasing the maintenance dose of insulin three or four 
times. It appeared of interest to know (1) whether all pituitary 
preparations which cause storage of nitrogen also intensify pan- 
creatic diabetes; (2) whether an increased supply of insulin is an 
invariable requirement for, or even the cause of, nitrogen storage. 

Among numerous trials, experiments with a preparation of pro- 
lactin were of special interest. In normal bitches large single 
doses (2000 international units) produced about half as much stor- 
age of nitrogen as the growth preparations which we studied previ- 
ously. The calorigenic effect was even smaller. In depancrea- 
tized bitches these doses of prolactin had only mild diabetogenic 
effects, and some storage of nitrogen occurred with the insulin 
dosage constant. Lactation occurred in one such experiment. 

Diminishing the calorigenic effect of the other pituitary prepara- 
tions by thyroidectomizing the depancreatized animals did not 
enable us to produce nitrogen storage without increasing the 
insulin dosage. The use of depancreatized adrenalectomized 
animals for this purpose is being attempted. 


The Réle of Cystine in the Structure of the Fibrous Protein, Wool. 
By Watton B. Getcer, W. I. Patrerson, AnD MILTON 
Harris. From the Research Laboratory of the Textile Founda- 
tion at the National Bureau of Standards, Washington 
The cystine in wool is readily reduced to cysteine with thio- 
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glycolic acid. Strongly alkaline solutions of the reagent have been 
shown by previous investigators to dissolve the protein and destroy 
its fiber structure. It has now been shown that wool can be re- 
duced by thioglycolic acid over a wide range of pH, and that if 
the reduction is carried out in neutral or acid solution, splitting 
of the disulfide groups is not accompanied by destruction of the 
fiber structure of the wool. The sulfhydryl groups of fibers re- 
duced in this way readily react with alkyl halides to form 
thioethers. 

The present investigation indicates that the physical properties 
of wool protein as well as its resistance towards enzymes are both 
dependent upon the presence of disulfide cross-linkages between 
polypeptide chains. Reaction with alkyl monohalides results in 
permanent rupture of disulfide linkages and yields fibers of greatly 
altered physical characteristics. Alkylation with aliphatic di- 
halides such as methylene iodide or trimethylene dibromide yields 
fibers in which hydrocarbon chains are introduced between the sul- 
fur atoms of each cystine molecule. Such fibers have physical 
properties closely resembling those of untreated wool, but are 
much more stable to alkalies. 

Untreated wool fibers are not digested by crystalline pepsin, 
trypsin, chymotrypsin, or papain. Reduced wool and reduced 
wool that has been methylated are readily attacked by pepsin and 
chymotrypsin. Reduced wool that has been reoxidized, or treated 
with an aliphatic dihalide, is not attacked by any of these enzymes. 


Fractionation of Protein Hydrolysates by Organic Solvents. By 
Lewis E. Gitson. From the Department of Biological Chemistry, 
the University of Cincinnati Medical School, Cincinnati 
Most of the work reported in the literature on the separation 

of amino acids by organic solvents has been done on free amino 

acids or their metallic salts. In the present work the amino acids 
were separated into fractions as salts formed with stronger acids. 

The protein is hydrolyzed with sulfuric acid, then much of the 

sulfuric acid is removed with calcium or barium hydroxide, leaving 

the filtrate strongly acid, or all of the sulfuric acid is removed and 
the filtrate is strongly acidified with phosphoric, oxalic, tartaric, 
or citric acid. The acid solution is evaporated to a small volume 
and extracted with one large portion (4 volumes) and 2 of 3 small 
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volumes of an azeotropic solvent mixture which may be 91 per 
cent isopropanol, 80 per cent dioxane, or 72 per cent normal 
propanol. The aqueous fraction contains all the arginine and 
histidine and the non-aqueous solution contains all the important 
monoaminomonocarboxylic acids. \Lysine, glycine, and the di- 
carboxylic acids are found in both fractions, the distribution vary- 
ing with the solvent and acidifying agent used. The solvent is 
readily recovered as the azeotropic mixture, ready for re-use, by 
simple distillation after addition of a little water. The acidifying 
agent is then removed with calcium or barium hydroxide. The 
advantages are (1) complete recovery of solvent; (2) removal of 
arginine and histidine simplifies the isolation of several other amino 
acids; (3) the preparation of arginine and histidine is made more 
economical, since several other amino acids can be isolated from 
the same hydrolysate. 


Effect of Oral Administration of Oat Juice Extract upon the Re- 
productive Organs of Immature Rats. By E. T. Gomez, A. M. 
Hartman, 8. R. anp L. P. Drypen. From the Division 
of Nutrition and Physiology, Bureau of Dairy Industry, United 
States Department of Agriculture, Washington 
An extract obtained by alcoholic precipitation of freshly cut or 

frozen immature oat plant juices, when administered per os, was 

observed to hasten the opening of the vagina and gonadal activity 
of immature rats. 

Five of six rats on a modified Steenbock stock colony diet, con- 
taining in addition 10 per cent of oat extract (No. 1) from 21 to 
22 days of life showed vaginal opening when rats were 30 to 31 days 
of age. The sixth rat’s vagina opened at 40 days of age. Those 
of their litter mates opened at 41 to 44 days of age. This extract 
was inactive at 0.5 per cent level. 

Rats (four cases) on a basal diet containing 2 per cent of extract 
(No. 2) showed vaginal opening at 30 to 35 days (average 32) of 
age as compared to 45 to 47 (average 46.3) for their litter mates. 
At 4 per cent level, the vaginas of rats (fourteen cases) opened at 
26 to 41 (average 29.6) days of age as against 44 to 59 (average 
51.4) for their litter mates. Extracts 1 and 2 were prepared from 
oat plants collected from the field when 4 to 5 inches and 6 to 8 


inches tall, respectively. 
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Sixteen rats fed oat extract were autopsied 24 hours after the 
vagina opened. In 90 per cent of the cases there were gross mani- 
festations of gonadal activity, as indicated by enlargement of the 
uterus or the presence of corpora lutea in the ovaries, or by both. 

Feeding of the ash of these plant extracts in amounts equivalent 
to 8 per cent of the original material showed no stimulating activity 
in so far as the induction of vaginal opening in immature rats is 
concerned, 


The Carbohydrate and Phosphorus Content of Serum Proteins. 
By ArpA ALDEN GREEN, KATHLEEN R. Fauery, AND Sup Y. 
GREEN. From the Department of Pediatrics, Harvard Medical 
School, Boston 
Horse serum globulins have been fractionated by many repeated 

precipitations in ammonium sulfate solutions of varying concentra- 

tions. The progress of the separation of the proteins was followed 
by carbohydrate and phosphorus analyses of the successive frac- 
tions. The water-soluble pseudoglobulins are phosphate-free, but 
vary in carbohydrate content from 1 to 5 per cent. The water- 
insoluble globulins contain both carbohydrate and phosphorus. 

The previously isolated euglobulins, Py and Py, are apparently 

homogeneous but the more soluble euglobulins with isoelectric 

points near pH 5 may be separated into more than one fraction. 

The globulins of human serum have been similarly fractionated 

and analyzed. Carbohydrate- and phosphate-free albumin has 

been crystallized from human serum. 


Starch Phosphorylase. By D. E. Green anv P. K. Srumpr. 
From the Department of Biological Chemistry, Harvard Medical 
School, Boston 
Hanes discovered in potato an enzyme which catalyzes the poly- 

merization of glucose-1-phosphate to starch with liberation of in- 

organic phosphate. We have concentrated this enzyme some 400 

times. At the highest purity level attained, 1 mg. transforms 71 

mg. of dipotassium glucose-1-phosphate to starch in 1 hour at 38°. 

The reaction does not proceed unless there is present a catalytic 

amount of some suitable polysaccharide such as starch, dextrin, 

and to a lesser degree, glycogen. The starch formed in the reac- 
tion does not have the catalytic property of ordinary reagent 


— 
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starch. The three polysaccharides which can act as catalysts in 
the synthesis of starch can be phosphorylized to glucose-1-phos- 
phate in presence of the enzyme and inorganic phosphate. The 
potato enzyme differs from its counterpart in animal tissues, de- 
scribed by Cori et al., in that adenylic acid is not required, and 
heavy metals, oxidizing and reducing agents, and phlorhizin have 
no inhibitory effects. The enzyme is unstable below pH 4.6 and 
in aqueous alcohol or acetone. Destruction is rapid at tempera- 
tures above 60°. 


Tracer Studies with Induced Radioactive Isotopes of the Perme- 
ability of the Blood-Cerebrospinal Fluid Barrier to Ions. By 
Davip M. GREENBERG, Rosert B. Atrp, Murtet D. D. Bogt- 
TER, W. WesLey CAMPBELL, WALDO E. Coun, AND Makio 
MourayaMa. From the Divisions of Biochemistry and Surgery, 
University of California Medical School, Berkeley and San 
Francisco 
The mode of formation of cerebrospinal fluid is a problem of 

fundamental biological importance. The developments in the 
preparation of induced radioactive isotopes by means of the 
cyclotron offer a hitherto unavailable method of studying the 
blood-cerebrospinal fluid barrier function with respect to the 
normal ion constituents of the body labeled with their radioactive 
isotopes. 

The rates at which ions present in the blood plasma appeared in 
the spinal fluid have been determined for the cations of sodium, 
potassium, rubidium, and strontium and the anions of bromide, 
iodide, and phosphate. 

The experiments were performed on large dogs, the method of 
continuous open drainage from the cisterna magna being used. 
After the preformed cerebrospinal fluid was allowed to drain away, 
the radioactive samples were injected intravenously and the 
changes in their concentration in blood and spinal fluid were de- 
termined at appropriate time intervals. 

The exchange of ions between blood and cerebrospinal fluid is 
very slow as compared to the exchange between blood and inter- 
stitial fluid. Many hours are required to reach the distribution 
ratios normally found between spinal fluid and blood plasma. Of 
the ions investigated potassium showed the fastest rate of permea- 
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tion, sodium, rubidium, strontium, and bromide came next with 
no very great differences between them, and phosphate and iodide 
jons showed an extremely slow rate of permeation. 


The Interaction of Thymonucleic Acid with Proteins, Salts, and 
Tissue Extracts. By Jesse P. GREENSTEIN AND WENDELL V. 
JenretTeE. From the National Cancer Institute, National 
Institute of Health, Bethesda, Maryland 
Aqueous solutions of sodium thymonucleate are structurally 

viscous and possess intense streaming birefringence. When such 
solutions are treated with proteins and salts, these properties are 
diminished.* When high concentrations of proteins and salts are 
added, there is an immediate drop in the viscosity and birefring- 
ence. No further change in these properties takes place on 
standing. When, however, low concentrations of proteins and 
salts are added, there is a gradual decrease in the viscosity and 
birefringence until a lower limit is approached. The extent of 
the diminution of these properties in either case and the rate at 
which the lower limit is approached are dependent on the nature 
of the protein or salt as well as its concentration. When extracts 
of normal livers and of hepatic tumors are added to nucleic acid 
solutions, there is a very rapid decrease in the viscosity and bire- 
fringence, far exceeding that shown by solutions of purified pro- 
teins or salts at comparable concentrations. In no case during 
the incubation period is there any change in the pH or in the am- 
monia or phosphate content of the mixture. It seems probable 
that only a depolymerization of the thymonucleate is elicited under 
the present conditions by the agents used. 


The Effect of Stilbestrol and Estrone on the Thyroid Gland of the 
Rat. By R. G. Gusravson, L. anp F. X. 
GassneR. From the Chemistry Laboratories of the University 
of Colorado, Boulder, and the Department of Physiology, Colorado 
State College 
Sixty Yale strain rats averaging 45 gm. were placed on an iodine- 

deficient diet and distilled water. Twenty rats served as controls; 

twenty received 30 y of estrone and twenty received 9.4 y of stil- 


* Greenstein, J. P., and Jenrette, W. V., J. Nat. Cancer Inst., 1, 77 (1940). 
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bestrol subcutaneously daily. At 12 weeks, the animals were 
sacrificed. Some of the thyroids were studied histologically and 
the rest were analyzed for iodine. Estrone and stilbestrol lowered 
the iodine content of the gland. The average iodine content of 
the thyroids of the controls was 2.20 7; of the estrone-treated 1.45 y; 
of the stilbestrol-treated 1.36 y. The histological examination 
revealed severe hyperplastic goiters in the controls; those of the 
estrone-treated were less hyperplastic, and the stilbestrol-treated 
animals present thyroids that appeared normal histologically, 
Stilbestrol produced the same histological changes in the thyroids 
of animals on a low iodine diet that were observed when dinitro- 
phenol was administered to rats on a low iodine diet. 

In a second series, the rats besides the low iodine diet and 
estrogen treatment received 2.44 y of iodine as potassium iodide 
daily. The iodine content of the thyroids of the controls was 
13.4 y; those of the estrone-treated contained 18.5 y, and the 
stilbestrol-treated contained 11.4 y. 

In all estrogen-injected animals, a metaplastic epithelium ar- 
ranged definitely in epithelial pearls of apparent low malignancy 
was found. These epidermoid structures showed typical necrotic 
centers, some of which were of a keratinous character, while others 
were made up of cellular débris. In no case were these structures 
found in the control animals. 


Studies of Sulfathiazole Effect on the Growth Rate of Selected 
Strains of Streptococci in Human Blood. By Tom R. Haminton 
AND Berre Wasson. From the Hixon Laboratory of Medical 
Research, University of Kansas School of Medicine, Kansas City 
Imitation of streptococcic bacteremia in vitro, when fresh, whole, 

human blood is used, is attempted by poured plate method. The 

treatment of these inoculated bloods with sulfathiazole is observed. 

Lancefield Groups A, C, and G, as well as Groups B and D (hemo- 

lytic), and Streptococcus faecalis are employed. 

“Optimum dilutions” of organisms are inocula consistently pro- 
ducing colony counts comparable to isolations obtained from the 
blood stream. Suitable inoculum is allowed to incubate in 10 ce. 
of blood for 1 hour at 37°. “Immediate plates” are poured after 
addition of the drug in amounts calculated to give levels within 
and above the therapeutic range. These are made by using | ce. 
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of blood mixture to 10 cc. of melted nutrient agar. A set of plates, 
including an untreated control, is poured at 6 and 24 hours after 
addition of the drug. 

Colony counts are made after 10, 20, and 30 hours growth on 
each set of plates to compare progress. Bacteriostasis is depicted 
by diminished growth in treated tubes at early intervals. This is 
especially significant in plates poured after 6 hours of drug activity 
in contrast to the control of the set. Final effectiveness is ob- 
served in colony counts on 24 hour plates. 

Sulfathiazole effectively inhibits growth of Groups A, B, C, and 
G in human blood, in concentrations within the therapeutic range; 
eg., not over 6 mg. per cent. Group D and Streptococcus faecalis 
are not effectively inhibited below 30 mg. per cent and require 
optimum dilutions higher than susceptible strains. There appears 
to be some diminished sulfathiazole effect at concentrations above 
90 mg. per cent when organisms require high optimum dilutions. 


The Quantitative Estimation of Nicotinic Acid in Animal Tissues. 
By Pattie HANDLER AND W. J. Dann. From the Department 
of Physiology, Duke University Medical School, Durham, North 
Carolina 
A number of published methods for estimating nicotinic acid 

have yielded conflicting values in our hands when applied to tissues 
and recoveries of added nicotinic acid have been imperfect. Our 
new procedure aims at extracting the nicotinic acid completely 
from the tissue and removing everything else from the extract in 
order to avoid interference with the subsequent development of 
color by a K6nig reaction. For the latter reaction we have chosen 
that amine which gives the most stable color. 

To fulfil these conditions as closely as possible, a small quantity 
(250 to 750 mg.) of the tissue expected to contain about 50 y of 
nicotinic acid is ground with a pinch of sand and about 0.5 cc. of 
water in a small mortar. The mortar contents are transferred to 
a tube graduated at 25 ec., with 5 to 10 ec. of water, then 5 cc. of 
concentrated HCl are added, and the tube kept 1 hour in a boiling 
water bath with occasional stirring. After cooling, water is added 
to the mark, and the tube contents are mixed and allowed to settle. 
A 10 ce. aliquot of the fluid is adjusted to pH 0.5 to 1.0 and treated 
with 2 gm. of Lloyd’s reagent. The Lloyd’s reagent is washed 
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with 0.2 n H,SO, and eluted with 15 cc. of dilute alkali. Treat- 
ment with solid Pb(NO;)2 removes pigments and after pH adjust- 
ment the solution is ready for the K6nig reaction, which is carried 
out with cyanogen bromide and metol. 

This method gives higher values than any other in our hands, 
and recoveries of added nicotinic acid are satisfactory. 


A Study of the Anesthetic Concentration of Ether Vapor for Man, 
with Use of the Cady Gas Balance. By R. N. Harcer, H. R. 
Hutrirev, W. D. Garcu, anv R. B. Forney. From the De- 
partments of Biochemistry and Pharmacology and of Surgery, 
Indiana University School of Medicine, Indianapolis 
During routine hospital operations the rebreathed gas from a 

closed type of ether machine was analyzed for ether content. 

Prior to taking the samples the ether drip was closed for 1 or 2 

minutes to establish equilibrium. 

Analyses were performed by means of the Cady gas balance* 
which employs the Westphal principle. While the chamber con- 
taining the float suspended from the balance is not gas-tight, no 
appreciable loss of ether occurred within 5 minutes. To com- 
pensate for fluctuations in oxygen content of the rebreathed gas, 
twin gas chambers were used and ether was removed from the gas 
entering one of them, by means of activated charcoal. This made 
it possible to omit the portion of the Cady apparatus for main- 
taining a constant gas density independent of atmospheric condi- 
tions. A mercury-sealed pump drew the rebreathed gas through 
calcium chloride and soda lime, after which the gas stream was 
divided, one-half going directly to one chamber, while the other 
half passed through charcoal and then to the second chamber. 
Control analyses with gas containing from 0.5 to 20 per cent of 
ether gave results accurate to 0.03 per cent of ether. 

For each patient the concentration of ether found in the alveolar 
air remained fairly constant during the operation; however, this 
concentration varied greatly from patient to patient. The ex- 
tremes of average figures for different patients found to date range 
from 3.0 to 7.2 per cent of ether, by volume, on the basis of dry, 
CO--free gas. Blood samples were also analyzed for ether and 
will be reported elsewhere. 


* Cady, H. P., United States patent 2,023,164 (1935). We are indebted 
to Professor Cady for permission to use this apparatus. 
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Factors Influencing the Conjugation of Sulfapyridine. I. Quinine 
and Atabrine. By Ben K. Harnep anp Versa V. CoLg. 
From the Laboratory of Pharmacology, Woman’s Medical College 
of Pennsylvania, Philadelphia 
Although the administration of sulfapyridine with other drugs 

can be avoided, the concomitant occurrence of an infection re- 

sponding to sulfapyridine and a malarial infection raises the 
question of the effect of the antimalarials on the conjugation of 
sulfapyridine. 

The results from 82 male rats of the Wistar strain administered, 
by stomach tube, sulfapyridine alone or with quinine twice daily 
for 3 or 4 days show that quinine lowered the ratio of free to 
combined sulfapyridine in the urine. 

With rats ranging in age from 56 to 89 days, when 120 mg. of 
sulfapyridine per kilo per day alone were employed, with quinine 
bisulfate in doses of 40, 60, 120, and 240 mg. per kilo per day, the 
corresponding percentages of sulfapyridine excreted free on the 
Ist day were 50, 49, 45, 39, and 29, and on the 4th day 43, 40, 
38, 32, and 24. This decrease in the percentage of free sulfapyri- 
dine was due largely to an increase in the total excreted. 

In older rats (126 to 336 days of age) the reduction in the per- 
centage of unconjugated sulfapyridine was more striking. Thus, 
with 120 mg. per kilo each of sulfapyridine and quinine bisulfate, 
on the Ist day the quinine reduced the percentage of sulfapyridine 
excreted free from 44 to 24. This decrease was due to an actual 
reduction in the free sulfapyridine. The results are not due to a 
diuretic action of the quinine. 

Atabrine administered in doses of 4, 8, 12, and 24 mg. per kilo 
per day, quantities therapeutically comparable to those of quinine, 
produced a maximal reduction of 8.6 per cent in the sulfapyridine 
excreted free. 


Glycolysis of the Red Cell and Its Potassium Content. By 
Joun E. Harris. From the Department of Obstetrics and 
Gynecology, State University of Iowa, Iowa City 
It has been shown repeatedly that the potassium of the human 

erythrocyte diffuses into the extracellular medium when blood is 

stored at 2-5°. More recently we have reported that the potas- 
sium thus released tends to reenter the cell when the blood is 
brought to 37°. Further experiments on the relationship existing 
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between the potassium and the metabolism of the red cell are 
reported. 

Cells which continue to glycolyze maintain their potassium 
content longer at 37° than do those in which the glucose becomes 
depleted. Similarly in blood stored at 2-5° with glucose the ery- 
throcytes lose less potassium than when no glucose is added. The 
amount of potassium reentering the cells from 10 day-old stored 
blood without glucose is increased if glucose is added. After 21 to 
22 days this reentry of potassium into the cells does not occur even 
when glucose is added. 

Human erythrocytes placed in hypotonic KCl solution contain- 
ing NaF (0.02 m) hemolyze more completely than those placed 
in an isosmotic solution (KCl + NaCl) without fluoride. This 
effect persists after storage for 10 days. By contrast the tempera- 
ture effect on osmotic hemolysis is removed or greatly reduced 
after storage. The effect of NaF on osmotic hemolysis is con- 
siderable, but the amount of potassium diffusing from the cell 
considerably exceeds that theoretically possible if the NaF acted 
by dissociating some potassium complex. 


Deficiencies Other Than Vitamin A in Vitamin A-Free Diets. By 
A. M. Hartman, L. P. Drypen, anp C. A. Cary. From the 
Division of Nutrition and Physiology, Bureau of Dairy Industry, 
United States Department of Agriculture, Washington 
Possibly no one considers the Sherman or any similar vitamin 

A-free diet plus adequate amounts of vitamin A as complete. 

Coward demonstrated that such a ration was incomplete for opti- 

mum growth with a certain make of vitamin A-free casein in it. 

We find that a vitamin A-free diet, similar to that of Sherman, 

plus cod liver oil in ample amounts is inadequate for optimum 

growth rate with both male and female weanling rats when the 
casein is prepared (1) according to Sherman’s directions or (2) by 
subjecting it to more and longer extractions with hot alcohol; and 
that, in addition, it is inadequate for optimum growth of male 
rats when the casein is extracted by ball milling with ether or even 
when commercial casein itself is used. Growth was increased 
when the ration containing commercial casein or casein (2) was 
supplemented with a liver extract. This deficiency was demon- 
strated with weanling rats whose mothers’ diets were changed at 
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parturition to the A-free diet containing casein (2) plus cod liver 
oil. At weaning litter mates of the same sex were placed on 
similar diets containing the various ecaseins being tested. In 
some instances with weanling stock rats similar comparisons of 
casein (2) with casein (2) plus liver extract or with commercial 
casein gave similar results. 

Additional evidence indicates that with some foods the limited 
growths in vitamin A assays with casein (2) may be influenced by 
deficiencies which are alleviated by factors in the food other than 
vitamin A. 


The Action of Liver Extract on the Size of Erythrocytes of the 
Opossum Embryo. By Epwin E. Hays snp Jutes H. Last. 
From the Departments of Biochemistry and Pharmacology of the 
University of Chicago, Chicago 
The effect of liver extract cn the blood picture of the mammalian 

embryo can be directly studied in the opossum (Didelphys vir- 
giniana), owing to the accessibility of the immature fetuses in the 
maternal pouch. Embryos of approximately 45 days of age were 
injected with daily doses of 3.0 units of a potent liver extract for 
7to9days. The fetuses remained attached to the maternal nipple 
during the injection period. Controls consisted of litter mates 
either uninjected or receiving an inactive liver preparation. 
Blood samples for red cell counts and hematocrit determinations 
were obtained by decapitating the fetuses. The mean corpuscular 
volume values of twenty-six treated and control fetuses indicate 
no evidence of a decrease in erythrocyte size or accelerated matura- 
tion in those fetuses receiving potent liver extracts. The anti- 
pernicious anemia principle in liver extract is ineffective in altering 
the red cell count or erythrocyte size of the definitive generation of 
red cells in the opossum fetus. 


The Conversion of Estradiol to Estrone in Man. By R. D. H. 
Hearp anp M. M. Horrman. From the Department of Bio- 
chemistry, Dalhousie University, Halifax, Canada 
To substantiate the generally accepted hypothesis that the 

urinary estrogens, estrone and estriol, arise from the follicular 

hormone, a-estradiol, the fate in man of injected a-estradiol was 
investigated. 300 mg. were administered intramuscularly in oil 
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throughout 8 days. The urine (18.7 liters) collected during the 
administration period and the succeeding fortnight was subjected 
to hydrolytic treatment (2 hours in the autoclave at 15 pounds, 
with 40 ml. of concentrated hydrochloric acid per liter) and ex- 
tracted with benzene. The benzene-soluble material was washed 
free of acids and divided into a phenolic (890 mg.) and a neutral 
(957 mg.) fraction. Separation of the ketonic phenols with 
Girard’s Reagent P yielded 40.4 mg. of a mixture of crystals and 
oil, which, on crystallization from ether, gave estrone melting at 
248-253° (Kofler’s micromethod; corrected) and at 252-256° on 
admixture with an authentic specimen (m.p. 256-259°). No un- 
changed a-estradiol was excreted, as evidenced by failure to obtain 
an insoluble digitonide from the non-ketonic phenolic fraction. 
Further examination of the latter, and of the neutral products, 
is in progress. 


Observations on the Constitution of Androstanol-3(3)-One from 
Equine Pregnancy Urine, and the Synthesis of Androstanol- 
3(8)-One-7. By R. D. H. Hearp anp A. F. McKay. From 
the Department of Biochemistry, Dalhousie University, Halifaz, 
Canada 
Previously the authors reported the isolation of an isomer of 

androsterone which differed from the latter in the orientation of 
the C;—OH and the position of the ketonic oxygen atom. Present 
investigations, concerned with the location of the carbonyl! group, 
surprisingly indicate a 15-keto derivative. Positions 1, 2, 4, and 
17 were eliminated by reason of the non-identity of the correspond- 
ing diketone with androstanedione-3, 17 and its failure to show 
reactions characteristic of an a- or B-diketone. The ease of oxima- 
tion of the urinary androstanol-3(8)-one, and its high levorotation 
({a],, —160°), argue against Cy, or Cy, and the negative response 
in the Liebermann-Burchard test contrasts with the behavior of 
saturated 6-ketosteroids. The 7-keto compound seemed likely, 
but, on synthesis, it proved non-identical with the natural. Re- 
maining are positions 15 and 16; a 16-keto derivative, containing 
the —CH,—CO—CH,— linkage, is improbable because of the 
feeble color developed by the urinary hydroxy ketone with m-dini- 
trobenzene. 
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The preparation of androstanol-3(8)-one-7 (m.p. 131°, [al], 
—69°) proceeded from the semicarbazone acetate of dehydroiso- 
androsterone. Reduction (Wolff-Kishner) yielded mainly A-5- 
androstenol-3(8) (m.p. 137°) and androstanol-3(8) (m.p. 148°). 
Oxidation of A-5-androstenol-3(8) acetate (m.p. 94°) with warm 
chromic anhydride gave the acetate of A-5-androstenol-3(8)-one-7 
(m.p. 174°; max. 234 Mp; €max, 11,200) which, on hydrogenation 
and oxidation, was converted to androstanol-3(8)-one-7 acetate 
(m.p. 110-113°). 


The Utilization of Feed As Affected by Grinding. By V. G. 
Ropert WALL, AND H. M. Briees. From the Okla- 
homa Agricultural and Mechanical College, Stillwater 
The present trend is to mill mixed feeds to the consistency of 

fine flour to facilitate handling, to prevent waste, or to cover trade 

secrets. Whether or not this added expense is justifiable from a 

nutritional standpoint is questionable; hence this investigation. 
The animals used were the rat, rabbit, and sheep. Rations used 

were complete as to the necessary food constituents for growth and 
reproduction. These rations were mixed with various dried green 
plant tissue; alfalfa, lettuce, spinach, wheat plants, and cabbage 
being used. In one case, the feed was run through a } inch hammer 

mill screen, and in the second case through a specially constructed 

screen, so that all particles were less than 0.4 mm. in size. The 

animals were kept on these rations through the life cycle. At 
intervals they were placed in metabolism cages, and the balance 
run for protein, fats, fibers, calcium, magnesium, and phosphorus. 

Coarse feed seemed to be more palatable to sheep. The protein, 

fat, and fiber were equally well used from either source. There 

was some evidence that minerals in the fine feeds were slightly 
better used. Blood analyses confirm these conclusions. 


Protein Sulfhydryl Groups and the Reversible Inactivation of the 
Enzyme Urease. By HELLERMAN, Victor R. DetrtTz, 
AND Francis P. Cutnarp. From the Department of Physio- 
logical Chemistry, the Johns Hopkins University, School of Medi- 
cine, Baltimore 
With urease of activity, 2500 units per ml. and 100,000 units 
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per gm., we have confirmed and extended the essentials of earlier 
work.* 

Treatment of urease with sodium p-chloromercuribenzoate 
(0.001 m) corresponding to 2 moles for close to 22,000 gm. of the 
protein-enzyme results in its inactivation, the latter effect being 
fully reversible with cysteine. Addition of the 1st mole involves 
no diminution in catalytic activity; addition of the 2nd is accom- 
panied by its abolishment. The virtual differentiation in the 
“categories” of protein sulfhydryl groups is confirmed by suitable 
treatment of urease with iodoacetamide, porphyrindine, and 0-iodo- 
sobenzoate (0-CsH,(I10)-COONa), followed by treatment with 
p-chloromercuribenzoate. Under specified conditions, the first 
three reagents named ‘‘cover’’ 1 equivalent of sulfhydryl without 
enzymic inactivation. Iodoacetamide produces irreversible inac- 
tivation in concentrations of the order 0.05 m. This investigation 
introduces the use of the iodoso reagents with certain biologically 
important sulfur compounds, and emphasizes their utility in 
iodimetry. 

After denaturation of protein-urease with guanidine hydro- 
chloride, porphyrindine is found to “estimate’’ four — SH residue 
weights per 22,000 gm. of urease, and standard iodosobenzoate, 
five. The applicability of o-iodosobenzoate, in comparison with 
porphyrindine and with direct iodimetry, was tested with cysteine 
and glutathione. Tyrosine, histidine, cystine, etc., do not inter- 
fere. The titratable —SH of guanidine-denatured egg albumin in 
terms of “cysteine content” was found by the iodoso method to be 
1.34 per cent. Certain apparent anomalies in the chemistry of 
urease, papain, and ovalbumin will be discussed. 


The Precipitating Action of Alcohol and of Acetone on Egg Albu- 
min. By Byron M. Henprix, Dea B. CaLvin, AND JAMEs N. 
Waker. From the Laboratory of Biological Chemistry, School 
of Medicine, University of Texas, Galveston 
The relationships of temperature, time, and concentration to 

precipitation and denaturation of egg albumin by alcohol and ace- 

tone have been studied. 
When time and temperature are kept constant, the amount of 


* Hellerman, L., in Cold Spring Harbor Symposia Quant. Biol. VII, 
169, 1939. 
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albumin precipitated varies with the concentration of the precipi- 
tant. The results expressed graphically give an S-shaped curve 
with the steepest portion between 20 and 40 per cent alcohol. 
Acetone is a somewhat more effective precipitant than alcohol. 

The amount of precipitate formed varies with time, being about 
70 per cent complete in 1 hour and reaching a maximum in 4 hours 
when 30 per cent alcohol was used. The action of acetone i is more 

rapid than that of alcohol. 

The results of determinations with varying temperatures when 
expressed graphically, give an S-shaped curve. When 30 per cent 
alcohol is used, there is little or no precipitation at 0° and the 
maximum precipitation is obtained at 35-36°. Evidence has been 
obtained to show that acetone is more effective than alcohol at low 
temperature. 

The precipitation of albumin by alcohol and by acetone has 
been found to be irreversible at all temperatures tried except at 0°. 
At this temperature, 40 per cent alcohol precipitated 98.1 per cent 
of the protein; only 43.5 per cent of the total protein could be redis- 
solved in water. 40 per cent acetone at this temperature precipi- 
tated 92 per cent of the protein, but only an average of 37.7 per 
cent of the precipitate could be redissolved. Attention is called 
to the denaturing effect of alcohol even at low temperatures and 
especially to the even greater denaturing effect of acetone upon egg 
albumin. 


The Synthesis of Peptides by Transamination. By Roperr M. 
Hersst AND Davip SHemin. From the Nichols Laboratory, 
New York University, and the Department of Biochemistry, 
College of Physicians and Surgeons, Columbia University, New 
York 
a-Keto acids may be converted into the corresponding amino 

acids in vitro in three ways: (1) by hydrogenation in the presence 

of ammonia, (2) by hydrogenation of their oximes, and (3) by 
transamination (interaction with another amino acid). Analogous 
conversions have been accomplished in biological systems. Pre- 
viously we were successful in applying the first two of these meth- 
ods to the in vitro synthesis of dipeptides from pyruvylamino acids, 
or analogous derivatives of amino acids with other a-keto acids. 
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Now we have succeeded in applying the third method to the syn- 
thesis of dipeptides. 

Alanylalanine has been synthesized from pyruvylalanine by 
transamination. When an aqueous solution of a-aminophenyl- 
acetic acid and pyruvyl-dl-alanine is boiled under a reflux, benzal- 
dehyde, carbon dioxide, and alanylalanine are formed. The two 
diastereoisomeric racemates of alanylalanine are formed during the 
reaction and isolated by fractional crystallization of their carbo- 
benzoxy derivatives. 

A system of peptide synthesis from non-amino acid precursors 
may now be proposed. We may picture the process as a successive 
repetition of two fundamental reactions, (1) amination of an 
a-carbonyl group and (2) acylation of a free amino group by an 
a-keto acyl group of the pyruvy!l type. 


Further Studies of Cystinuriain Man. By W.C. Hess anp M. X. 
Sutuivan. From the Chemo-Medical Research Institute, George- 
town University, Washington 
In continuation of work previously reported,* the effect of feed- 

ing methionine and other amino acids on the cystine output was 

further studied. Upon three separate occasions the urine of one 
cystinuric, M. K., showed no increase in cystine following the in- 
gestion of from 4 to 10 gm. of methionine and a very slight increase 
following the ingestion of cysteine hydrochloride. The urine of 
another cystinuric, D. R., gave results in marked contrast to that 
of M. K. Feeding methionine, glycylmethionine, and cysteine 
hydrochloride increased the cystine output. However, the inges- 
tion of alanine, glycine, and glutamic acid also produced an in- 
crease in cystine excretion. The effect of the alanine was much 
more marked than that of either glycine or glutamic acid and ap- 
proximated the effect of methionine. In the normal individual 
there was no increased excretion of cystine after feeding methio- 
nine, cysteine hydrochloride, or cystine or after non-sulfur-contain- 
ing amino acids. Alanine did bring about a slightly increased 


sulfur output. 
The conclusion is drawn that the extra cystine excreted after 


* Hess, W. C., and Sullivan, M. X., Proc. Am. Soc. Biol. Chem., J. Biol. 
Chem., 123, p. lv (1938); 183, p. xliii (1940). 
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feeding sulfur-containing and non-sulfur-containing amino acids 
may be due in a large measure to a stimulation of metabolism. 


The Gain of Tolerance during Galactose and Maltose Injection. 
By Exste Hitt aNp ALFRED E. KorHuer. From the Santa 
Barbara Cottage Hospital and the Sansum Clinic, Santa Barbara 
When galactose is injected intravenously in man at a constant 

rate of 25 gm. per hour, the blood values rise to a peak in 1 to 14 

hours but thereafter drop appreciably as the injection is continued. 

Such an increase in tolerance is well known for glucose injections 

_ and is usually attributed to stimulation of insulin secretion. How- 
ever, galactose tolerance during constant rate injections is uninflu- 
enced by insulin either in the normal or diabetic subject. Simi- 
larly, when glucose (25 gm. per hour) is administered with the 
galactose so as to stimulate insulin secretion or to produce other 
factors which may improve glucose tolerance, the galactose tol- 
erance is not affected. 

There is likewise a gain in tolerance during maltose injection at 
constant rate and this tolerance also is not affected by insulin or 
glucose administration. Consequently the mechanism that im- 
proves galactose and maltose tolerance upon continued injection 
is neither insulin stimulation nor any other of the factors that 
cause improved glucose tolerance following glucose injections. 


Electrolyte Changes in Hypertrophying Rabbit Heart.* By 
GeorGe H. AND JosepH T. WEARN. From the De- 
partment of Medicine, School of Medicine, Western Reserve Uni- 
versity, Cleveland 
When aortic insufficiency is produced in the rabbit by rupturing 

an aortic valve leaflet, rapid shifts in the electrolyte pattern of the 
myocardium occur. During the first 3 days the extracellular elec- 
trolytes increase both absolutely and relatively. By the end of 
the 6th postoperative day the relationship between intracellular 
and extracellular electrolytes has returned approximately to nor- 
mal. In contrast to the rapid changes in extracellular electrolytes, 
the intracellular phase appears to hypertrophy at a more or less 
constant rate during the first 3 weeks following valvotomy. 


* Aided by a grant from the Commonwealth Fund. 
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Lipids of the Fasting Mouse. By Haro_p Carpenter Hopag, 
P. L. MacLacuian, W. R. Bioor, A. SToNEBuRe, 
MarcGaret C. OLESON, AND RAYMOND WHITEHEAD. From the 
Department of Biochemistry and Pharmacology, School of Medi- 
cine and Dentistry, The University of Rochester, Rochester, 
New York 
The 3 month-old, male albino mouse, on fasting, mobilizes its 

available depot fat (1.6 gm.) in 2 days, half each day. The liver 

metabolizes 92 per cent of 800 mg. of depot fat on the Ist day; the 
balance remains in the liver as sudanophil neutral fat. It is 
noteworthy that, at any time, a maximum of 8 per cent of the 
mobilized fat is found as “‘infiltrated”’ liver fat. By the end of the 
2nd day, 99.5 per cent of the mobilized depot fat has disappeared, 

Roughly one-eighth of the carcass cholesterol is utilized; one- 

quarter of this fraction appears in the liver (as ester cholesterol). 

On the 3rd and 4th fasting days, the liver, although reduced to 

approximately one-half its original weight, has a nearly normal 

lipid distribution. 


Gastric Mucus Secretion. By FRANKLIN HOLLANDER AND 
Rosert 8. Fersperc. From the Laboratories of the Mount Sinai 
Hospital, New York 
Previously published data on mucus (in contradistinction to 

mucin) are too scant and divergent to yield criteria of purity of this 

secretion or quantitative correlations among its chemical charae- 
teristics. In order to determine properties of the unmodified secre- 
tion we require numerous specimens of reasonable size and purity. 

To this end, we used acid-free fundus pouches (dogs) and the 

following stimuli: (1) gentle mucosal massage, (2) ether-saturated 

water, (3) clove oil-water emulsion, (4) no stimulus. Specimens so 
collected differed considerably in viscosity. Spontaneous secre- 
tion was either transparent or cloudy. Stimulated secretion con- 
tained white particles (clumps of columnar epithelium) invariably; 
erythrocytes were rarely present, except when rubbing caused 

marked bleeding. Electrometric pH values ranged as high as 8.5. 

“Alkalinity” to pH 3.5 was determined electrometrically, both 

directly and by back titration after the addition of a known excess 

of HCl; these titers ran as high as 77 mN. Chloride concentra- 
tion ranged from 98 to 150 mN. Correlations among these vari- 
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ables and stimuli were investigated. Duplicate determinations of 
pH, alkalinity, and chloride (by reliable methods) frequently dis- 
agreed. Such discrepancies, also variations from specimen to 
specimen, may result from (a) pipetting errors caused by high 
viscosity, (b) heterogeneity of the specimen, (c) presence of epi- 
thelial cells, and (d) minute amounts of HCl. These studies will 
be extended, by means of a stimulus which minimizes desquama- 
tion and acid secretion, to include other chemical and physical 


properties. 


Hexylresorcinol As an Inhibitor of Catalyzed Reactions. By M. K. 
Horwitr AND FrrepA PANIMON Stwon. From the Biochemical 
Research Laboratory, Elgin State Hospital, Elgin 
The search for inhibitors of protease activity has been extended 

to a study of hexylresorcinol. This compound inhibits not only 
the action of trypsin but unlike heparin* has a strong inhibitive 
effect on chymotrypsin as well. Other inhibitions due to hexyl- 
resorcinol (5 X 10-* m) include strong effects on dehydrogenase 
activity, both aerobic and anaerobic. 

Investigation of the mechanisms involved showed that hexyl- 
resorcinol could inhibit iron-induced oxidations. Thus the oxida- 
tion of cysteine in the presence of traces of ferrous chloride is in- 
hibited to one-third of the control by 5 X 10-* m hexylresorcinol. 
Similarly the oxidation of brain phospholipids in the presence of 
ferrous chloride or iron o-phenanthrolinet is strongly inhibited. 

Attempts to reverse the effect of hexylresorcinol by adding iron 
or iron o-phenanthroline after the inhibition had started were un- 
successful, indicating that more than an elimination of a metal 
catalyst is involved. 


Bactericidal Fractions from an Aerobic Sporulating Bacillus. By 
D. HorcuKiss anD René J. Dusos.. From the Hos- 
pital of The Rockefeller Institute for Medical Research, New York 
The bactericidal agent obtained from cultures of a sporulating 

bacillus (identified as a strain of Bacillus brevis) has yielded two 


* Horwitt, M. K., Science, 92, 89 (1940). 
t Panimon, F., Horwitt, M. K., and Gerard, R. W., J. Cell. and Comp. 
Physiol., 17, in press (1941). 
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crystalline substances. One, designated tyrocidine hydrochloride 
is insoluble, and the other, called gramicidin is relatively soluble, 
in alcohol or acetone to which a few volumes of ether have been 
added. 

Tyrocidine hydrochloride, which is present in the larger amount, 
is the salt of a weak base of molecular weight about 1300. The 
base appears to be a polypeptide of which the amino group is free 
and the carboxyl group linked as an amide. Of approximately 
eleven amino acid residues, one is tryptophane, and one or more, 
tyrosine. Tyrocidine is hemolytic, and bactericidal in vitro for 
Gram-positive and Gram-negative microorganisms. Fairly large 
amounts (50 to 100 y) show protective action in mice infected 
intraperitoneally with pneumococci. 

Gramicidin is a neutral polypeptide containing neither free 
amino nor carboxyl groups. One residue of tryptophane is present 
for every 550, or two for every 1100, of molecular weight. For 
each tryptophane residue there are three to four other amino acid 
residues. Indications have been obtained of the presence of leu- 
cine and serine; tyrosine and basic amino acids are absent. The 
freezing point depression of camphor by gramicidin is in agreement 
with a molecular weight of about 1350. Gramicidin is highly in- 
hibitory to the growth of Gram-positive microorganisms but does 
not affect Gram-negative organisms, nor is it hemolytic. At levels 
of 1 to 5 it is capable of protecting mice infected intraperitoneally 
with pneumococci. 


Bile Acid Metabolism. The Fate of Cholic Acid in the Guinea Pig. 
By Herriz B. Hueues. From the Institute for Medical Re- 
search, Christ Hospital, and the Department of Biochemistry, 
College of Medicine, University of Cincinnati, Cincinnati 
These experiments were designed to determine whether cholic 

acid is destroyed by the guinea pig and, if so, where that destruc- 

tion takes place. Such a study was made possible by development 
of an accurate method for determining cholic acid in tissues, body 
fluids, gastrointestinal tract contents, and excreta, a method based 
on the Gregory-Pascoe reaction. 

Sodium cholate, injected intravenously into bile fistula animals, 
was recovered quantitatively in the bile within 6 hours. When 
similar amounts were injected into normal animals, only 47 per 
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cent could be recovered at 6 hours, 20 per cent at 24 hours, and 
none at 96 hours. Since cholic acid, as such, was not eliminated 
in either urine or feces, transformation within the body must have 
taken place. 

The distribution of cholic acid in the organs and body fluids at 
intervals after injection suggested that cholic acid transformation 
occurred in the cecum. The following observations show con- 
clusively that cholie acid is destroyed in this organ. First, no 
destruction occurred when cholic acid was injected into animals 
from which the cecum had been removed. Secondly, 93 per cent 
of the cholic acid injected directly into the intact cecum disap- 
peared from the body within 24 hours. And finally, destruction 
or transformation of cholic acid occurred in the isolated cecum incu- 
bated at 38°, the process being nearly as rapid and complete as in 
the intact cecum. 


Observations on Inhibition of Brain Respiration and Narcosis. By 
M. C. HurcHinson AND Eimer Strorz. From the Biochemical 
Laboratory of the McLean Hospital, Waverley, and the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston 
Administration of indole (a powerful inhibitor of rat brain res- 

piration) to rats leads to clonic convulsions, not to narcosis. Dur- 

ing indole convulsions there is sufficient indole (by analysis) in the 
blood and brain to yield in vitro a 30 to 50 per cent inhibition of 
brain respiration. During deep narcosis by a barbiturate, how- 
ever, there is sufficient (by analysis) to cause only a small, even 
questionable inhibition of brain respiration in vitro. In vitro ex- 
periments with a barbiturate show an increased accumulation of 
lactic acid and a decreased amount of pyruvate, but not in the low 
range of barbiturate concentrations found in vive during deep nar- 
cosis. By freezing rat brain in situ (liquid air) a greatly lowered 
content of both lactic and pyruvic acid was found during narcosis, 
but this was also true of the blood. By comparison with animals 
put at muscular rest by cord resection (but conscious) it was con- 
cluded that these changes in the brain were entirely secondary to 
those in the blood stream, resulting from muscular inactivity. The 
lactate to pyruvate ratio in brain was no different in narcosis than 
in other resting conditions. There remains no definite evidence 
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that barbiturate narcosis is due to inhibition by the drug of re 
spiratory systems in the brain. 


Influence of Substrate on Formation of Abnormal Products in the 
Lactic Fermentation. By Marvin J. Jonnson, H. J. Korpsstt, 
AND F. E. Fontatne. From the Department of Biochemistry, 
University of Wisconsin, Madison 
Many homofermentative Lactobacilli are able to ferment man- 

nitol and gluconic acid. Since the anaerobic conversion of these 

substrates exclusively into lactic acid is impossible, a heterofer- 
mentative type of dissimilation results. Lactobacillus delbrueckii 

III (Henneberg) produces (from 2 moles of gluconic acid) 2 moles 

of lactic acid, 2 moles of carbon dioxide, and 1 mole each of ethyl 

alcohol and acetic acid. The mannitol fermentation is more com- 
plex. The primary fermentation products appear to be equi- 
molecular quantities of lactic acid, formic acid, and ethyl! alcohol. 

Secondary reactions result in the production of propionic acid in 

the place of lactic, with the concomitant accumulation of carbon 

dioxide in place of formic acid. Propionic acid, a characteristic 
product of the genus Propionibacterium, has been identified by its 

volatility constant and by preparation of the p-toluidide (m.p. 

124.5-125.5°; authentic sample, 123.5-124.5°; mixed m.p. 122.5- 

124.5°). The proportion of propionic acid formed may be varied 

by control of the fermentation conditions. 

Another secondary effect is the apparent reduction of carbon 
dioxide (or formic acid), resulting in production of quantities of 
other products in excess of those permitted by the usually postu- 
lated fermentation mechanisms. 


Some Properties of Peroxidase Action at High Enzyme Concen- 
tration. By Frep Karusn. From the Johnson Foundation, 
University of Pennsylvania, Philadelphia 
The properties of horseradish peroxidase under conditions of 

high enzyme concentration are under investigation with a view to 

obtaining some insight into the mechanism of peroxidase action. 

The range of enzyme concentrations extends from 10~7 m to 10-* 

expressed in terms of hematin content; the concentrations of the 

oxidizing and reducing substrates, hydrogen peroxide and leuco- 
malachite green, respectively, cover a range of from 10-* m to 
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10-* m. Since the reactions are rapid, involving half times of the 
order of a fraction of a second, and the light absorption changes, 
by which the rates are measured, are small, a special technique is 
employed. 

Our results demonstrate the failure of the linear relation between 
enzyme concentration and velocity of production of the dye; in- 
deed, in the range from 5 X 1077 to 10 X 10-7 M enzyme a square 
root relation appears to hold. Coupled with this is the fact that 
under certain conditions, though leucomalachite green is present 
in excess, the total amount of dye formed is less than the amount 
equivalent to the original hydrogen peroxide. Further, the ratio 
of these two concentrations depends both on the initial molarity 
of the oxidizing agent and on the concentration of enzyme. In 
the latter case a decrease in peroxidase content results in increased 
production of dye. 

While the Michaelis theory can account for the enzyme opera- 
tion, it appears that the mechanism for the production of malachite 
green will require assumptions involving the production and inter- 
action of intermediate compounds. 


Variation in the Composition of Fecal Fat Extracted by Different 
Methods. By Irvine A. Kaye, GeorGce Kraus, I. WALLACE 
LEIBNER, AND ALBERT E. Soper. From the Pediatric Research 
Laboratory and the Division of Biochemistry, The Jewish Hospi- 
tal of Brooklyn, New York 
The method of Kaye et al.* was extended to include the deter- 

mination of total lipids and lipid fractions of feces. The results 

thus obtained were compared against the method of Tidwell and 

Holt.| It was found that the higher “neutral fat’ fraction ob- 

tained by the method of Kaye et al. was due to an increase in the 

free fatty acids at the expense of the soap fatty acids. The total 
lipids as well as the total fatty acids (free and soap) were similar 
by both methods. 

To explain these differences fecal fats were continuously ex- 
tracted with ether, petroleum ether, and isopropyl ether, respec- 
tively. It was shown that the last solvent extracted the most free 


* Kaye, I. A., Leibner, I. W., and Connor, E. B., J. Biol. Chem., 132, 
195 (1940). 
t Tidwell, H. C., and Holt, L. E., Jr., J. Biol. Chem., 112, 605 (1935-36). 
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fatty acids, ethyl ether extracted less, and petroleum ether ex- 
tracted the least. The extraction with isopropy] ether of the ether- 
or petroleum ether-extracted residues yielded additional free fatty 
acids, which, when added to the original ether or petroleum ether 
extract, respectively, gave the same results as a direct isopropyl 
ether extract. The continuous extraction of zine, calcium, and 
sodium stearates with isopropyl ether yielded only negligible 
amounts of free fatty acid. On the basis of this evidence it is con- 
cluded that the difference between the results obtained by the 
method of Kaye et al. (in which isopropyl ether is used for extrae- 
tion) and Tidwell and Holt (in which ether and petroleum ether 
are used) is due to the more complete extraction of free fatty acids 
by isopropyl] ether. 


Potassium in the Nutrition of the Rat. By ELsa Orent-Keties 
AND E. V. McCouium. From the Department of Biochemistry, 
School of Hygiene and Public Health, the Johns Hopkins Uni- 
versity, Baltimore 
Experiments were designed to study the influence of potassium 

in physiological processes. A potassium-low diet was devised con- 

taining 0.01 per cent potassium, being adequate in all other essen- 
tial nutrient factors. 

The outer symptoms of this deficiency consisted of thinning and 
roughening of the fur and manifestation of an extreme alertness, 
unrest, and a certain form of pica. 

Growth in the animals on this diet was retarded. The life span 
does not appear to be affected. No mortality was observed. 

The food intake in the deficient rats was lower than that of con- 
trol animals. However, the retardation in growth was not due to 


. the reduced food consumption. 


The effect of lack of potassium on the reproductive system was 
studied. The time of sexual maturity and ovulation were re- 
tarded. The estrual rhythm was disturbed. Testicular smears 
showed markedly reduced motility of the sperm cells. No preg- 
nancies occurred. 

The nitrogen, potassium, sodium, calcium, magnesium, phos- 
phorus, and chlorine metabolism of rats on the potassium-low diet 
was investigated. 

Electrocardiograph studies showed a slowing in the rate and 
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irregularity in the rhythm of the heart of the potassium-deprived 
rats. 

The potassium, sodium, calcium, magnesium, and phosphorus 
content of some of the tissues of rats deficient in this mineral was 
determined. 

Histopathological studies were made on all the tissues of the 
animals used in this investigation. A characteristic scarring of the 
heart muscle and damage to the kidney were the wis typical 
pathological symptoms observed. 


Distribution and Characterization of Beef Plasma Lipids. By F. 
E. Ketsey AND Herpert E. Loncenecker. From the Depart- 
ment of Chemistry, University of Pittsburgh, Pittsburgh 
The total lipids (postabsorptive) from 41 liters of beef plasma 

were resolved into four fractions for a quantitative study of their 
component fatty acids. Phospholipids (1) were obtained by ace- 
tone precipitation, free fatty acids (II) after ether extraction of an 
alkaline aqueous suspension of the acetone-soluble portion, glyc- 
eride fatty acids (III) by specific enzymatic hydrolysis, and chol- 
esterol ester fatty acids (IV) by saponification of the remaining 
ester fraction not attacked by purified pancreatic lipase. 

Ester distillation analyses of these acids showed the presence in 
the total acetone-soluble lipids of 42 per cent linoleic acid, 21 per 
cent palmitic acid, and 18 per cent oleic acid with lesser amounts 
of stearic, arachidic, palmitoleic, linolenic, and arachidonic acids. 
Striking differences in composition were observed among the three 
fatty acid groups of the acetone-soiuble lipids. The saturated 
acids were found almost entirely in fractions (II) and (III), whereas 
in fraction (IV), the acids were 85 per cent unsaturated. The 
cholesterol ester fraction contained two-thirds of all the linoleic 
acid found in the acetone-soluble lipids. Phospholipid fatty acids 
were similar in composition to those of fraction (II). 


Differences between Biuret and Kjeldahl Methods for Serum 
Protein Determinations in Chronic Liver Disease. By GrorGE 
R. Kinastey. From the Division of Biochemistry, Laboratories, 
Philadelphia General Hospital, Philadelphia 
A comparison of the results of serum protein determinations by 

the author’: biuret method and by the Kjeldahl method showed 
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close agreement in normal individuals and in patients suffering 
from a variety of diseases. Similar studies of serum proteins of 
patients suffering from chronic liver diseases (cirrhosis, Banti’s 
syndrome, etc.) have yielded values for total protein and globulin 
determined by the biuret method lower than those obtained by use 
of the Kjeldahl method. Slightly higher values for albumin were 
found by the biuret method. The average results for fifteen pa- 
tients suffering from chronic liver disease were, for the biuret 
method, total serum protein 6.32 gm. per cent, albumin 3.85, and 
globulin 2.47; while the Kjeldahl method gave total protein 6.81 
gm. per cent, albumin 3.58, and globulin 3.23. The biuret method 
gave results too low by amounts ranging between 0.3 and 1.7 gm. 
per cent for total protein, and 0.4 and 2.0 for globulin, while albu- 
min concentrations found by the biuret method were 0 to 0.4 gm. 
per cent higher than those found by the Kjeldahl method. 

Four normal individuals, studied at the same time and by the 
same methods as the patients with chronic liver disease, showed no 
significant difference between the results of the Kjeldahl and biuret 
methods. 


Aromatic Amino Acids in Strains of Tobacco Mosaic Virus and in 
the Closely Related Cucumber Virus 4. By C. A. Knicur anp 
W. M. Sranuey. From the Department of Animal and Plant 
Pathology of The Rockefeller Institute for Medical Research, 
Princeton 
Analysis of twelve preparations of tobacco mosaic virus indi- 

cated the presence of 3.8, 4.5, and 6.0 per cent of tyrosine, trypto- 

phane, and phenylalanine, respectively, with maximum deviations 
of +0.1 per cent for the tyrosine and +0.2 per cent for the phenyl- 
alanine and tryptophane values. The results obtained for yellow 
aucuba, green aucuba, and Holmes’ masked strains of tobacco 
mosaic virus were similar except for tryptophane, for which re- 
peated analyses gave the lower value of 4.2 per cent. More pro- 
nounced differences were found in the cases of Holmes’ ribgrass 

strain of tobacco mosaic virus and cucumber mosaic virus 4. 

Tyrosine, tryptophane, and phenylalanine contents of 6.4, 3.5, and 

4.3 per cent, respectively, were found for the ribgrass strain, while 

similar analyses of seven preparations of cucumber virus 4 indi- 

cated the presence of 3.8, 1.4, and 10.2 per cent of tyrosine, tryp- 
tophane, and phenylalanine, respectively. 
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A close agreement was observed in analytical values for phos- 
phorus in the various strains. This may be taken as an indication 
of the absence of significant quantitative differences in the nucleic 
acid component of the viruses. The results of the amino acid 
analyses show that a mutation of tobacco mosaic virus with the 
formation of a new strain may be accompanied by changes in the 
amino acid composition of the virus. The observed differences in 
amino acid composition of the viruses examined are considered to 
be of fundamental importance in the study of chemical, physical, 
biological, and serological properties of these viruses. 


A Colorimetric Method for Testosterone. By Virait L. Kornie, 
Ciara M. Szeco, anp L. T. Samugis. From the Division of 
Physiological Chemistry, University of Minnesota Medical 
School, Minneapolis 
When testosterone is heated with concentrated sulfuric acid, a 

compound is formed which reacts with a large excess of guaiacol- 

sulfonic acid. The resulting compound has very little color, but 
upon heating with a small amount of a dilute copper sulfate solu- 
tion an intense blue-green color is produced. The same reaction 
is given by androstenedione and testosterone oxime but not by 
progesterone, androsterone, dehydroandrosterone, androstenediol, 
3,11,17-androstanetrione, A-4-3,11,17-androstenetrione, 11-de- 
hydro-17-hydroxy-corticosterone, ethynyltestosterone, pregnenin- 
17-diol-3 ,17, etioallocholanol-3(8) ,17-one, cholesterol, ete. When 
an Evelyn colorimeter and a 635 millimicron filter were used, the 
reaction obeys Beer’s law for concentrations of hormone as high 
as 50 y in 10 ce. of total solution. A solution containing 6 ¢ in 

10 ce. will absorb 11 per cent of the light at this wave-length. 

Methods of preparation of tissue and urine extracts are being 

studied which will enable the reaction to be applied to the investi- 

gation of the intermediary metabolism of testosterone. At the 
same time data will be reported on physicochemical studies of 
testosterone carried out in connection with this investigation. 


A Study of the Relationships between Proteins and Lipids in Brain. 
By Aupert A. Konprirzer. From the Department of Bio- 
chemistry, New York State Psychiatric Institute and Hospital, 
New York, and the Neuro-Psychiatric Institute of the Hartford 
Retreat, Hartford 
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Relationships between proteins and lipids in rat brain were 
studied by applying various fractional precipitation procedures to 
brain emulsions. Variation of salt concentration at constant pH 
was unsatisfactory because of difficulty in separating some of the 
precipitates. Variation of pH in increments of about 1 unit from 
pH 12 to 4 at constant salt concentration gave precipitates which 
were isolated easily by centrifugation. In the procedure finally 
adopted, after removal of each precipitate, the pH of the centrif- 
ugate was adjusted to the next lower pH, and so on until no 
further precipitation occurred. Protein, cholesterol, and phospho- 
lipid were determined in each precipitate. With phosphate-ace- 
tate-borate buffers the pH-protein curve showed peaks indicating 
precipitation of individual fractions at pH 9.3, 7.6, and 6.1; but 
with sodium carbonate-potassium chloride buffers only one peak 
was obtained (pH 5.6) and at pH 9, where a peak was observed in 
the previous experiment, the curve went through a minimum. 
Despite this marked difference the ratios of cholesterol and phos- 
pholipid to protein were essentially the same at each pH in both 
experiments. The protein fractions precipitated at pH 6 carried 
down a much smaller proportion of lipids than those precipitated 
at more alkaline reactions. The ratio of phospholipid to choles- 
terol was strikingly constant in all fractions studied. The results 
suggest that definite lipid-protein complexes were present in the 
preparations, although the possibility must be recognized that they 
were formed during the preparation. 


The Action of Different Types of Barbiturates in Vitamin C-De- 
pleted Guinea Pigs. By Kennera Kvuerer, Richarp Koun 
RIcHARDS, AND THEKLA Kiatrr. From the Abbott Laboratories, 
North Chicago 
It is generally assumed that the liver is instrumental in the 

destruction of the short acting barbiturates, but not of the long 

acting group. Recent work by other investigators and this group 
have confirmed this finding but brought forward evidence that 
pentothal, an ultra short acting sulfur-containing barbiturate, is 
not affected by the liver as are other short acting barbiturates. In 
order to study the metabolism of barbiturates under different con- 
ditions, guinea pigs were injected with standard doses of barbital, 
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nembutal, and pentothal and their sleeping time determined twice 
or three times at intervals of a week. Then the animals were 
placed on a vitamin C-free diet and the sleeping time redetermined 
at different levels of C avitaminosis. It was found that the sleep- 
ing time of nembutal was markedly prolonged, while that of bar- 
bital or pentothal was little affected. The reasons for these 
differences are discussed in the light of general metabolic disturb- 
ances and alleged changes in the liver following C avitaminosis. 


The Application of the Photelometric Method for the Determina- 
tion of Quinine to Blood and Urine. By Granvit C. Kyker 
AND Battey D. Wess. From the Department of Biological 
Chemistry, School of Medicine, University of North Carolina, 
Chapel Hill 
As previously reported, we have adapted the Evelyn photo- 

electric colorimeter to the nephelometric determination of quinine 

in blood and urine. We have applied this method in absorption 
studies of quinine by normal dogs and by the same dogs with the 
small intestine damaged by hookworm. 

Satisfactory recoveries of quinine from 5 ml. samples of blood or 
urine have been obtained. In blood, the average recovery of 
added amounts of quinine is 83, 94, 96, and 95 per cent from 
quinine levels of 2, 4, 6, and 8 mg. per liter, respectively. Re- 
coveries approximating 100 per cent are obtained from urine. The 
extraction of small amounts of urinary pigments does not inter- 
fere with the method. 

Preliminary experiments in the administration of quinine to nor- 
mal dogs have been carried on by following the resulting blood 
content of quinine as well as the degree of urinary excretion. In 
general the maximum blood content obtained from administration 
of 20 mg. of quinine per kilo of body weight has varied from 2 to 7 
mg. per liter with different dogs. After damaging the small in- 
testine with a heavy hookworm infestation, the same experiment 
was repeated. The chief effect of the hookworm was evidenced by 
a longer period (about 3 times) required to reach the maximum 
level of quinine in blood 

Urinary recovery based on the total dose of quinine administered 
is very low in normal dogs; in most experiments about 2 per cent. 
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The Determination of Biotin by a Microbiological Assay. By J, 
O. Lampen, A. A. anp W.H. Pererson. From the Bio- 
chemistry Department, University of Wisconsin, Madison 
The test organism is Clostridium butylicum No. 21 (Wisconsin 

collection), which on a basal medium of glucose, asparagine, and 

salts requires only the addition of biotin for maximum growth, 

Growth is determined by measuring turbidity in an Evelyn color- 

imeter. 

The growth has been standardized with pure biotin, and, second- 
arily, against a biotin preparation from molasses or liver. The 
organism is able to use any biotin present in soluble form. 

At times the method has given reliable results and at other 
times the analyses have been irregular. Some of the causes for 
these unsatisfactory results appear to be variations in reagents, 
vigor of the culture, and anaerobic conditions. Other variations 
may also be involved. Contaminants must be rigidly excluded, 
as any foreign organisms seem to promote the growth of Clos- 
tridium butylicum. 

The forms in which biotin occurs and methods of its extraction 
have been studied. The biotin of fruits and grasses appears to 
occur free, that of grains, nuts, and vegetables is partially bound, 
and that of yeast and animal tissues exists mainly in the bound 
state. 

Hydrolysis with acid in an autoclave releases the bound biotin. 
The time of hydrolysis and strength of acid required have not been 
worked out for all materials, but 1 hour with 2 n acid is generally 
optimal. 

The assay also has been applied with some success to urine and 
to milk. Its usefulness with blood is being studied. 


Phospholipids As a Source of Energy for Motility of Spermatozoa. 
By Henry A. Larpy AnD Paut H. Patuuirs. From the Depart- 
ment of Biochemistry, University of Wisconsin, Madison 
In the absence of glycolyzable sugars, spermatozoa depend on an 

oxidative process for the utilization of the intracellular reserves in 

the maintenance of motility. The results of chemical and res- 
piration studies indicate that the intracellular substances utilized 
by this oxidative process are phospholipids. During incubation 
the lipid phosphorus content of semen decreases, while the ester 
phosphorus fraction increases. The decrease in lipid phosphorus 
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occurs also in spermatozoa separated from the seminal fluid and 
can be lessened by the addition of glucose. The decrease in phos- 
pholipids parallels the oxidative utilization of the intracellular re- 
serves for the maintenance of motility. 

Egg lecithin added to spermatozoa suspended in Ringer-phos- 
phate medium greatly prolongs the motility of the spermatozoa. 
This effect is obtained only in the presence of oxygen. The res- 
piration of washed bull spermatozoa falls off rapidly after the first 
half hour of incubation at 37°. This decrease in oxygen consump- 
tion coincides with a decreased number of motile spermatozoa. 
In the presence of added lecithin the rate of respiration and the 
motility are maintained for a much longer time. Phospholipids 
from rat liver, lecithin from soy beans, and cephalin from either 
soy beans or egg yolk can also be utilized by bull spermatozoa. 


The Oxygen Uptake of Mitochondria and Other Cell Fragments. 
By ArNoLp Lazarow. From the Department of Anatomy, the 
Lasker Foundation for Medical Research, and the Department of 
Medicine of the University of Chicago, Chicago 
When guinea pig liver is forced through bolting silk, the cells 

are fragmented into free mitochondria, intact nuclei, and other cell 
fragments. By fractional centrifugation in the cold, mitochondrial 
fractions and nuclear concentrates were separated. The oxygen 
uptake, determined by a Warburg constant-volume manometer at 
37°, was measured for the following preparations: (1) mitochondria, 
(2) nuclear concentrate, (3) supernatant (after removal of above), 
(4) whole liver (chopped). The preparations were suspended in a 
buffered salt solution at pH 7.38 and various substrates were 
added. The oxygen uptake was calculated as c.mm. of oxygen 
removed per hour per mg. of nitrogen in the preparation. The 
substrate effect was defined as the increase in oxygen uptake re- 
sulting from substrate addition. 

The following results were obtained. The oxygen uptake was 
markedly affected by the concentration and character of the salt 
solution; with an 1(+)-glutamic acid as a substrate the mito- 
chondria showed more than twice the oxygen uptake of whole 
(chopped) liver; with succinic acid, the mitochondria were less 
active and the nuclear concentrate several times more active than 
whole (chopped) liver. The supernatant, which was inactive with 
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both of the above substrates, had definite activity with ethy] aleo- 
hol; the mitochondria and nuclear concentrates had none. Other 
substrates including glucose, hexose monophosphate, and dl-alanine 
were also studied. These results suggest enzymatic localization 
within the liver cell. 


The Hydrolysis of Acetoacetic Acid to Acetic Acid by Chemical and 
Biochemical Systems. By ALBert L. LEHNINGER. From the 
Laboratory of Physiological Chemistry, University of Wisconsin, 
Madison 
It has often been considered that the hydrolysis of acetoacetic 

acid to form 2 molecules of acetic acid is an important or essential 

step in the further catabolism of this strategically important com- 
pound. It was desired to clarify the somewhat meager chemical 
evidence for the existence of this reaction. 

On the basis of quantitative methods developed, previous data 
on this reaction were confirmed and extended. A large series of 
compounds was tested for catalytic action on the hydrolysis under 
physiological conditions of temperature and hydrogen ion concen- 
tration. No catalyst other than strong bases could be found for 
the reaction. 

The possible occurrence of the hydrolytic reaction in cell proe- 
esses was then investigated by use of the surviving tissue tech- 
nique. By adjusting conditions so that any acetate formed was 
not utilized, it was found, with muscle mince, that as acetoacetic 
acid disappeared, a comparable increase in steam-volatile fatty 
acids occurred. The acid formed was identified as acetic acid by 
the lanthanum reaction and the Duclaux constants. 

The thermolabile enzyme system responsible for the breakdown 
was also obtained in cell-free extracts of muscle and kidney, and 
these preparations also caused a formation of acetic acid from 
acetoacetic acid. Similar results were obtained with cultures of 
Escherichia colt. 

Thus the acid-splitting reaction of acetoacetic acid has been 
found to occur in tissue preparations and is due to an enzymatic 


catalysis. 


The Relation of the Hypophysis and the Adrenal Cortex to Serum 
Protein Metabolism. By Louis Levin anp James H. Le®a- 
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vHEM. From the Department of Anatomy, College of Physicians 

and Surgeons, Columbia University, New York 

Hypophysectomy, in adult rats, produces a marked decrease in 
serum albumin (males, control 3.72, operated 2.50 per cent; fe- 
males, control 3.70, operated 2.63 per cent) and a compensatory 
increase in serum globulin (males, control 2.35, operated 3.19 per 
cent; females, control 2.01, operated 2.67 per cent). Serum non- 
protein nitrogen increases (control 34.3, operated males 48.8, op- 
erated females 44.3 mg. per cent). Severe inanition of normal 
females produces similar but less pronounced changes (albumin 
3.29; globulin 2.29; non-protein N 36.7). Complete thyroidec- 
tomy (males) causes a slight decrease in albumin (to 3.47 per cent) 
and an increase in globulin (to 3.05 per cent; non-protein N 38.2 
mg. per cent). Effects of decreased food intake and thyroid in- 
activity due to pituitary removal therefore are not of sufficient 
magnitude to account for the posthypophysectomy changes. 

Adrenalectomy of adult male rats, although probably incom- 
plete because of accessory cortical tissue, produces changes (albu- 
min 3.09; globulin 2.61; non-protein N 71.3) similar to those follow- 
ing hypophysectomy. Administration of desoxycorticosterone 
acetate partially prevents the postoperative changes in adrenalec- 
tomized (albumin 3.49; globulin 2.35; non-protein N 34.7) as well 
as in hypophysectomized male rats (albumin 2.94; globulin 2.76; 
non-protein N 36.9). Adrenal cortical extract is also effective in 
preventing posthypophysectomy changes (albumin 3.28; globulin 
2.98; non-protein N 44.6) in serum protein levels. 

These findings, confirmed by unpublished results obtained from 
cats before, during, and after revival from adrenal insufficiency, 
indicate that the pituitary gland, via the adrenal cortex, exerts 
decided control over serum protein metabolism. 


Urinary Chlorides and Blood Chlorides in the Eskimo. By Vicror 
E. Levine AND Myron N. JorGensen. From the Department 
of Biological Chemistry and Nutrition, Creighton University 
School of Medicine, Omaha 
The urinary chlorides of the Eskimo illustrate the fact that the 

amount of chloride eliminated depends upon the chloride intake. 

Eskimos dislike salt and as a rule do not use it. The chlorides of 

the native Eskimo diet are derived largely from animal food and 
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the blood contained therein. Animals used for food are shot or 
harpooned and not exsanguinated as is the practice in slaughter- 
houses. The urinary chlorides in thirty Eskimos at Point Barrow 
averaged 103.2 mg. per liter, the minimum being 14 mg. and the 
maximum 188 mg. The urinary nitrogen for this group averaged 
16.50 gm. per liter, with a minimum of 10.00 gm. and a maximum 
of 24.63 gm. 

The urinary chlorides of six Point Barrow Eskimos who have 
adopted the white man’s dietary habits to a greater extent than 
the first group averaged 285.20 mg. per liter. Ipalook, teaching 
in the government school and living almost completely on the 
white man’s food, had a urinary chloride content of 10.73 gm. per 
liter, and a nitrogen output of 12.55 gm. per liter. For the other 
six the urinary nitrogen was 13.21 gm. per liter. 

The whole blood chlorides of the Eskimo on the native diet or 
on a mixed diet are the same as those of the white man (450 to 
500 mg. per 100 cc.). * The average for nineteen Eskimos was 485.7 
mg. per 100 ce. Only one blood with 397.5 mg. fell below the 
normal range for whites, and five were above the range (521 to 


558 mg.). 


Reduction of Silicomolybdic Acid by Ascorbic Acid. By Vicror 
E. Levine AND Bettie Roster. From the Department of Bio- 
logical Chemistry and Nutrition, Creighton University School of 
Medicine, Omaha 
Ascorbic acid reduces silicomolybdic acid with the production 

of a blue color which lends itself to quantitative determination 

with the photoelectric colorimeter. The silicomolybdic acid re- 
agent consists of 100 cc. of distilled water, 10 ec. of 0.05 per cent 

Na,SiO;-9H,.O, and 10 cc. of 5 per cent ammonium molybdate in 

1.0 n H,SO,. The limit of sensitivity, with 6 cc. of this reagent 

and 1 ec. of ascorbic acid solution in 3 per cent metaphosphoric 

acid, is 0.005 mg. 

The silicomolybdiec acid reagent is also reduced by the following 
compounds, the figures in parentheses representing the limit of 
sensitivity: homogentisic acid (0.005 mg.), adrenalin (2.0 mg.), 
pyrocatechin (0.025 mg.), hydroquinone (0.05 mg.), pyrogallol 
(0.005 mg.), tannic acid (0.025 mg.), pyruvic acid (5 mg.), aceto- 
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acetic acid (10 mg.), creatinine (4.0 mg.), uric acid (2.5 mg.), 
glutathione (5.0 mg.), cysteine (2.0 mg.), thioacetic acid (0.01 mg.), 
and thioglycolic acid (0.01 mg.). Methionine, cystine, creatine, 
allantoin, acetone, formaldehyde, acetaldehyde, and formic, lactic, 
citric, tartaric, malic, and maleic acids do not reduce. 

Lowering the acidity of the reagent renders it more reactive, so 
that smaller quantities of reducing compounds other than ascorbic 
acid can be detected. Addition of formaldehyde prevents the re- 
duction of silicomolybdic acid by cysteine, glutathione, thioacetic 
acid, and thioglycolic acid. Formaldehyde probably binds these 
compounds. Cysteine combines with formaldehyde to form thia- 
zolidine 4-carboxylic acid.* 

With a silicomolybdie acid reagent, formaldehyde, a buffer, and 
a metaphosphorie acid extract of food, results were obtained with 
the photoelectric colorimeter comparable but slightly lower than 
those obtained with the 2, 6-dichlorophenol indophenol method. 
Urine, however, gave figures several times as large as those secured 
with the dye method. 


Experiments with Acyl Phosphates. By Frirz Lipmann. From 
the Department of Biochemistry, Cornell University Medical Col- 
lege, New York City 
Earlier experiments reported by the writer on the metabolism of 

pyruvic acid in bacteria suggested that acetyl phosphate and pos- 
sibly other acyl phosphates might be intermediaries in keto acid 
oxidation by animal tissues. A rapid decomposition of synthet- 
ically prepared acetyl phosphate has been found to occur in tissue 
extracts. The breakdown of the compound is followed mano- 
metrically and the disappearance of acetyl P is determined colori- 
metrically. 

Suecinyl phosphate, a possible product of the oxidation of a-keto- 
glutaric acid + phosphate, is prepared by interaction of succinyl 
chloride and silver phosphate. In contrast to acetyl chloride the 
succinyl chloride reacts quite sluggishly with the silver salt. Like 
acetyl phosphate, succinyl phosphate is fairly stable in neutral 
solution, but unstable in alkali and strong acid. 


* Schubert, M. P., J. Biol. Chem., 111, 671 (1935); 114, 341 (1936). Rat- 
ner, S., and Clarke, H. T., J. Am. Chem. Soc., 69, 200 (1937). 
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Sex Differences in the Composition of Rats, with Emphasis on the 
Lipid Component. By Harotp G. anp G. O. Burr, 
From the Departments of Physiological Chemistry and Botany, 
University of Minnesota, Minneapolis 
Weanlings were subjected to fat depletion on a low fat diet (84 

per cent sucrose) for 4 weeks. During the experimental period 
comprising the subsequent 8 weeks, groups of males and females 
were placed on three different diets. One diet contained a bal- 
anced, mixed ration which included 20 per cent lard (Diet 560-B); 
the second was a low fat diet containing 84 per cent sucrose (Diet 
550-B); and the third was a high fat diet containing 71.1 per cent 
of hydrogenated coconut oil (Diet 580-B). Protein was supplied 
as purified casein constituting 12.5 per cent of the total calories 
and the necessary salts and supplements were provided. Whole 
carcasses were analyzed for the lipid, non-lipid, and water com- 
ponents. 

Although the low fat group (Diet 550-B) did not attain normal 
weight, the males weighed more than the females. Growth in the 
high fat group was more seriously impaired and both sexes at- 
tained the same weight. On Diet 550-B, total lipid iodine num- 
bers were greater in the females. In the lard and high fat groups 
the data indicate a higher iodine number for the males. Females 
tend to store more fat, especially in the high fat group. No sig- 
nificant differences were observed in the percentage of non-lipid 
solids. However, the females retain less water than males in the 
low fat (Diet 550-B) and high fat (Diet 580-B) groups; and both 
sexes on Diet 550-B retain less water than those on Diet 580-B. 


The Influence of Thyroid and Parathyroid Hormones, Acting 
Simultaneously, on the Urinary Excretion and Blood Concentra- 
tions of Calcium and Inorganic Phosphate. By Mixan A. Lo- 
GAN, WILLIAM R. CHRISTENSEN, AND JOHN W. KirKLIN. From 
the Department of Biological Chemistry, Harvard Medical School, 
Boston 
Parathyroid hormone was administered to young dogs after the 

administration of desiccated thyroid gland and other young dogs 

were given desiccated thyroid gland after thyroparathyroidectomy. 

The urinary excretion of calcium and inorganic phosphate and 
the blood concentrations of calcium, inorganic phosphate, and 
phosphatase were determined. 
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Administration of desiccated thyroid gland increased the urinary 
calcium excretion and when the metabolic rate was increased the 
effects of the parathyroid and thyroid hormones in this respect 
were independent. 

The thyroid administration caused no change in blood calcium 
concentration in normal or thyroparathyroidectomized animals. 
In the thyroparathyroidectomized animals it caused almost no in- 
crease of calcium excretion. The results are discussed in respect 
to their bearing on site of action of these two agents and the ques- 
tion of simultaneous stimulation of the two glands in hyper- 
thyroidism. 


Electrophoretic Properties of Liver Proteins. By J. Murray 
Luck, C. C. Nimmo, anp C. Atvarez-Tostapo. From the 
Department of Chemistry, Stanford University, California 
Liver albumin was prepared from the blood-free livers of dogs 

by successive reprecipitation of the salt-soluble fraction with 3.5 Mm 

(NH,)2SO,. The product was globulin-free (no precipitate in 2.1 M 

(NH,4)2SO0,4). On electrophoretic analysis two components were 

found to be present of which one was present in relatively small 

amounts. From mobility measurements (in 0.1 mM NaCl plus 

0.02 m acetate or phosphate) at pH 3.9, 4.1, 4.6, 4.7, 5.1, 5.2, 5.3, 

5.5, 5.6, 5.7, 5.8, 6.0, 6.3, 6.5, 6.8, and 7.2 it is concluded that the 

smaller fraction is isoelectric at pH 4.7. The isoelectric point of 

the major fraction is appreciably higher, pH 5.6 to 5.8. 

The entire salt-soluble fraction, prepared by extraction at pH 6.7 
with 0.5 m (NH4)oSO,4 and subsequent dialysis against 0.3 m NaCl 
and 0.02 m KH.PO,-K.HPO, (pH 7.2) revealed, on electrophore- 
sis, three main fractions, both moving to the positive electrode, of 
which one was much the more abundant and moved most slowly. 
This component is to be identified with liver albumin, since addi- 
tion of the latter increased the quantity of this component alone. 

Quantitative electrophoretic analysis leads to the conclusion 
that 70 per cent of the protein in the salt-soluble fraction is albu- 
min. In contrast to these findings, salting-out experiments indi- 
cate that much the more abundant fraction is globulin. 


Activation of Carbonic Anhydrase by Histamine. By E. R. Main 
AND ArrauR Locke. From the Institute of Pathology of the 
Western Pennsylvania Hospital, Pittsburgh 
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An investigation into the nature of factors affecting the activity 
of carbonic anhydrase disclosed marked activation by tetanus 
toxin. The action proved not to be specific to the toxin principle 
but was exerted equivalently by nutrient broth and by histamine, 
Report was not made because of the appearance of an equivalent 
observation by Leiner. Leiner found, additionally, an inhibition 
of activation by zine in concentrations but one-fortieth those which 
produce enzyme inactivation. This was confirmed and seemed to 
us to indicate a holding back from the enzyme, by zinc, of an inter- 
mediate carbamate. It had been noted that compounds producing 
activation were capable of carbamate formation, that enzyme 
activity was decreased following change from the conditions 
observed during the Philpot-Philpot method of approximation 
toward conditions less favorable for carbamate formation, that ac- 
tivity was lost following separation of the enzyme from carbamate- 
forming substances associated with it in blood, and that the 
activating effect of histamine was less preceding such separation 
than after. 

Histamine produced maximal activation of partially purified 
carbonic anhydrase in 0.24 mm concentration. Zinc canceled that 
effect in 0.025 mm concentration. Additions of 0.006 mm sulfanil- 
amide, which as a preferentially attracted sulfamate may tend to 
exclude carbamate from the enzyme, produced measurable inter- 
ference with histamine activation. Carbamate formation and 
utilization may intervene in carbonic anhydrase action. 


Distribution of Iodine in Blood, Ultrafiltrates, and Cerebrospinal 
Fluid.* By E. B. Man, P. H. Lavierss, anp D. 8. Rigas. 
From the Departments of Psychiatry and Mental Hygiene and 
Internal Medicine, Yale University School of Medicine, New 
Haven 
In his recent comprehensive monograph Salterf has concluded 

that the major portion of the iodine of the blood is in the plasma, 

although the available data show some contradictions. Working 
with more accurate methods, Klassen, Bierbaum, and Curtist 


* This work was aided in part by a grant from the Knight Fund, Yale 
University School of Medicine. 

t Salter, W. T., The endocrine function of iodine, Cambridge (1940). 

t Klassen, K. P., Bierbaum, R. L., and Curtis, G. M., J. Lab. and Clin. 


Med., 26, 365 (1940). 
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found that an average of 95 per cent of the iodine of whole blood 
could be recovered in the serum. Trevorrow§ presented data that 
total iodine in blood was distributed in proportion to the water 
content of plasma and cells but that ultrafiltrates of plasma or 
serum usually contained no detectable iodine. 

In nine experiments whole blood and serum or plasma iodine 
have been determined in duplicate by the permanganate acid 
ashing method. The iodine in the serum or plasma of 100 cc. of 
whole blood ranged from 90 to 108 per cent of the determined blood 
iodine. In normal persons who have not had iodine, all the iodine 
except possibly a minute amount is in the plasma or serum. 

In six experiments iodine was determined in ultrafiltrates and 
residues of serum and plasma. The ultrafiltrates of serum from 
normal humans who had not taken iodine contained quantities of 
iodine amounting to about 0.3 y per 100 cc. In two experiments 
in which duplicate samples of 50 cc. of cerebrospinal fluid were 
analyzed the iodine of the fluid was only 0.2 y per 100 cc. These 
three sets of experiments demonstrate that except for minute 
traces the iodine of blood serum or plasma of normal human sub- 
jects is not diffusible. 


The Relation of Dietary Protein to Basal Metabolism and Thyroid 
Disease. By T. U. Marron J. 8S. Wertncart. From the 
Department of Pathology, Iowa Lutheran Hospital, Des Moines 
In his monograph Jones* presents a radically new view of thyroid 

disease. His thesis is that hyperthyroidism is always preceded by 

a state of hypothyroidism caused by insufficient protein intake. 

He claims further that either condition is improved by adequate 

protein administration, and that the criterion for a normal state 

is a ratio, mg. of nitrogen per hour in the urine to the basal heat 
production in calories per hour, equal to 7 or above. 

If such a thesis could be established, thyroid diagnosis and 
therapy would be revolutionized. Some confirmation has ap- 
peared in the literature, but some of our findings fail to support it. 
Patients showing marked symptoms of hyper- and hypothyroidism 
have always been found to have low nitrogen output for the 
calories they produce; this does not prove a causal relationship, 
since normal subjects may exhibit similar phenomena. A group 


§ Trevorrow, V., J. Biol. Chem., 127, 737 (1939). 
* Jones, H. M., The cause of goiter, Chicago (1937). 
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of thirty-two nurses, above average in health, studied for a period 
of 2 years, showed N to calorie ratios from 2.6 to 11.0. The 
amount of daily protein they selected varied widely from time 
to time. 

Increasing the per cent of protein calories in the diets of patients 
with early symptoms of thyroid disease has produced improvement, 
There is decided promise in maintaining a high N to calorie ratio 
in early hyper- and hypothyroid cases; but as a diagnostic aid the 
ratio leaves much to be desired. 

Dietary protein is quantitatively concerned with metabolic regu- 
lation, but it is not the sole factor. Vitamin A administration 
regardless of protein intake has had no effect. 


The Colorimetric Estimation of Steroid Hormones with Sulfuric 
Acid Reagents. By ALAN Marner. From the Research Labo 
ratories of the Worcester State Hospital, Worcester 
In a study of the color reactions of the androgens, a variety of 

phenolsulfurie acid reagents were tried. As no single reagent 

showed any particular advantage of specificity or sensitivity with 
these steroids, the basic reaction of concentrated sulfuric acid with 
the steroids themselves has been studied. 

All of the common estrogens and androgens give intensities and 
proportionalities of color with concentration which are satisfactory 
for the estimation of pure solutions of the individual compounds. 
Spectral absorption studies show that the colors formed with the 
steroids by phenol reagents are basically the same as those with 
acid alone, and, with one or two exceptions, the intensities and 
proportionalities are better and more reproducible in the latter 
case. 

The effects of the initial heating and the dilution with water 
have been studied. The secondary reaction with water intensifies, 
and in some cases changes entirely, the color formed, without an 
additional heating period. The conditions, measurements, and 
procedure for the method now being used for the determination 
of distribution coefficients of pure hormones are convenient for 
routine colorimetric measurements. Under these conditions over- 
all recoveries may be kept within +5 per cent of the theoretical, 
for the stable steroids; by the use of proper filters the sensitivity 
for an extinction of 0.100 (approximately 20 per cent absorption) 
ranges from 10 y for estrone to 50 y for androsterone. 
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Although the spectra are fairly distinctive, the determination of 
each compound in mixtures will probably require isolation pro- 
cedures. 


The Delay of Dental Caries by Fluorine. By J. F. McCLENpDoNn 
AND WititaM C. Foster. From the Laboratory of Physiology 
Research, Hahnemann Medical College, Philadelphia 
In 1923 the senior author observed that 1 per cent of fluor- 

apatite added to a rachitic diet for rats prevented rickets and 

caused teeth to be more dense to x-rays. This work was deferred 
while Arthur G. Mulder and Wallace D. Armstrong worked on the 
problem. We have developed an accurate method for dietary 
fluorine. On a diet containing about 0.3 part per million of flu- 
orine 100 per cent of rats develop dental curies. This is not due 
to the coarseness of the diet, as the addition of 2 per cent coarse 
ground bone-meal prevents caries. Since the bone is insoluble, 
the prevention is not due to fluorides acting in the mouth. Added 
fluorine as bone-meal or sodium fluoride in water prevents bloody 
eyes and nose and rough fur and improves appetite and increases 

growth rate and longevity. Of 62 rats on the low fluorine diet 29 

per cent died in 210 days whereas of twenty-seven rats on the same 

diet with added fluoride only 8 per cent died in the same period. 

The addition of 22 parts per million of sodium fluoride to the 

drinking water delayed dental caries from the 40th day to the 150th 

day. The added fluoride increased the fluorine in bone 11 times, 
dentin 6 times, and enamel 3 times. 


Respiratory Excretion of Selenium Studied with the Radioactive 
Isotope. By KennerH P. McConne.u. From the Department 
of Radiology, School of Medicine and Dentistry, The University 
of Rochester, Rochester, New York 
With radioactive selenium as a tagged atom, time-excretion 

studies of exhaled selenium have been made after subcutaneous 

injection of sodium selenate in the young adult, white rat. To 
remove volatile selenium from the respiratory gases, a solution of 

48 per cent hydrobromic acid, 5 per cent bromine, was used as the 

absorbent in an absorption chamber similar in principle to the 

Nichols chamber. Excretion of respired selenium was measured 

at various intervals from 3 to 24 hours. 

It has been found after single, subtoxic injections of selenate 
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(3 to 4 mg. of selenium per kilo) that 3 to 10 per cent of the original 
dose was excreted as a volatile compound within 24 hours. The 
greater part of selenium excretion by way of the lungs takes place 
within a few hours after injection. Approximately 55 and 75 per 
cent of this selenium was respired by the 3rd and 6th hours, re- 
spectively. 

In a recent study, Schultz and Lewis* found that after subcu- 
taneous injection of sodium selenite, 17 to 52 per cent of the ad- 
ministered selenium was excreted by way of the lungs within 8 
hours. 


The Solubility of Phosphatic Renal Calculi. By D. Roy McCut- 
LAGH, Morrorp C. THROCKMORTON, AND CHARLES C. Hiaarns, 
From the Department of Biochemical Research of the Cleveland 
Clinic Foundation, Cleveland 
Earlier published work from this laboratory described equip- 

ment for the study of the solubility of calcium phosphate. Since 

the vast majority of renal calculi are composed largely of calcium 
phosphate, this work has been extended to include the investiga- 
tion of the solubility of renal calculi in distilled water and in cer- 
tain salt solutions. The stones studied were first subjected to 
careful qualitative analysis to demonstrate that they were at least 
predominantly almost pure calcium phosphate. The stones were 
milled and the solubilities of samples of known particle size were 
studied in regard to rate of solubility and absolute solubility under 
various conditions. By means of an especially constructed con- 
ductivity bridge with a Wagner ground and a conductivity cell 
equipped with a glass electrode, a constant stirring device, tem- 
perature control, and protection against carbon dioxide contamina- 
tion, the curves of dissolution of caleuli under various conditions 
have been obtained. These curves have been supplemented with 
quantitative analysis and gravimetric studies. The results indi- 
cate that the phosphatic concrements are composed of a small 
amount of material which is rather soluble in water, and a very 
considerable fraction of relatively insoluble substance (possibly 

a compound of the hydroxyapatite type). The solubility of this 

latter fraction can be very materially increased by the addition of 

other salts to the conductivity water in which the test is made. 


* Schultz, J., and Lewis, H. B., J. Biol. Chem., 133, 199 (1940). 
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The most definite solubilizing agent so far investigated is sodium 
hexametaphosphate. 


The Effect of Biotin upon the Synthesis of Lipids in Rats. By 
E. W. McHenry anp Gertrupe Gavin. From Department 
of Physiological Hygiene, School of Hygiene, University of 
Toronto, Toronto, Canada 
Previous work has shown that the feeding of a crude fraction of 

beef liver to rats causes marked synthesis of fat and of cholesterol 

with the development of acutely fatty livers, which are not pre- 
vented by administration of choline but are prevented by feeding 
lipocaic. Preparations of biotin from four different sources have 
an effect similar to that of the liver fraction, if given in combina- 
tion with thiamine, riboflavin, pantothenic acid, and pyridoxine. 
A solution prepared from the liver fraction, by a procedure de- 
scribed by Gyérgy, Kuhn, and Lederer for the purification of 
biotin, has similar action. While definite proof could only be ob- 
tained by the use of crystalline biotin, these results indicate that 
biotin is the factor in the liver fraction responsible for the observed 
effects. Coincident with changes in lipid content, the animals 
show an increase in body weight, similar to that claimed for factor 

W, which has been secured generally by the use of the same liver 

fraction which we have employed. 


Hemorrhagic Anemia Studies in Dogs. By J. M. McKrssin, 
A. E. Scuarrer, anD E. B. Harr. From the Department of 
Biochemistry, University of Wisconsin, Madison 
Phlebotomized dogs fed a whole milk ration usually show an 

immediate remission from their anemia when given adequate iron 

and copper. If, however, these minerals are supplemented with 
cobalt at a level of 2 mg. per kilo of body weight per day, the dogs 
fail to respond. The resulting anemia is microcytic and resembles 
that arising from vitamin Bg deficiency. When this ration is sup- 
plemented with 50 gm. of whole dry liver or 25 gm. of liver extract 
powder, the inhibition due to cobalt is overcome and remission 
from the anemia occurs. This is characterized by a striking in- 
crease in the red cell count, hemoglobin, hematocrit, and plasma 
iron levels of the blood. Saturation indices and mean corpuscular 
volume remain essentially the same as in the anemic condition. 
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The ash fraction of liver extract was found to be inactive in over- 
coming the anemia, as was a mixture of thiamine, riboflavin, nico- 
tinic acid, pyridoxine, pantothenic acid, and choline at those levels 
in which these factors occur in the curative dose of liver extract. 
Ascorbic acid was also found inactive by both oral and intravenous 
routes. Other fractions from liver extract are now being tested, 

Some dogs receiving mineralized milk without cobalt fail to 
recover from their anemia after prolonged hemorrhage. The blood 
picture is very similar to that of the dogs receiving cobalt and 
these dogs also respond to liver extract. 


Enzymic Oxidation of Cystine and Cysteine by the Liver of the 
Albino Rat.* By Grace Mepes N. F. Fioyp. From the 
Lankenau Hospital Research Institute, Philadelphia 
An enzyme from the liver of the albino rat oxidizes l-cysteine to 

the sulfonic acid stage.t dl-Cysteine is oxidized at the same rate. 

Increasing the length of the carbon chain (/-homocysteine) has no 

effect on rate of oxidation, whereas with a shorter chain, as in 

thioglycolic acid, the reaction proceeds more slowly. Loss of the 
carboxyl reduces the rate, as ethylmercaptan, n-butylmercaptan, 
and isoamylmercaptan oxidize so slowly that no definite end-point 
could be obtained. When the H of the —SH group is replaced 
by —CH; (methionine), oxidation is even slower and no quantita- 
tive relationship could be established. When a -—C,H; group is 
substituted (S-ethyleysteine), no oxidation occurs. Previous par- 
tial oxidation of the sulfur (methionine sulfoxide, cysteinesulfinie 
acid, cysteic acid) completely supresses any further reaction. 

The second enzyme, which oxidizes cystine to the sulfonic acid 
stage, will not attack homocystine. Diformylcystine cannot serve 
as substrate, but dithiodihydroxydipropionic acid is readily 
oxidized, as is barium benzylidine cystinate (neutralized). Cysta- 
mine is not attacked, but oxidation of its disulfoxide takes place 
with ease. 

The third enzyme, which decarboxylates cystine, seems to be 
highly specific as none of the cystine derivatives investigated ex- 


* Supported in part by a grant from the American Philosophical Society. 

t Bernheim, F., and Bernheim, M. L. C., J. Biol. Chem., 127, 695 (1939). 
Medes, G., Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 128, p. Ixvii (1939); 
Biochem. J., 33, 1559 (1939). 
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cept neutralized barium benzylidine cystinate gives evidence of 
CO-, evolution under the conditions of these experiments. 

Tests were carried out principally in phosphate buffers at pH 
6.7. Other conditions are being investigated. 


Electrolyte and Water Equilibria in the Dog. IV. Electrolyte and 
Water Exchange between Skeletal Muscle, “Available (Thio- 
cyanate) Fluid,” and Plasma in Acute and in Prolonged Dehy- 
dration.* By Ropserr C. Epwarpd Ler, 
AND FrepertcK R. Mavurz. From the Departments of Bio- 
chemistry and Surgery, School of Medicine, Western Reserve 
University, Cleveland 
In a series of preliminary experiments the interrelation of the 

following variables was studied in dogs of approximately 20 kilos 

in weight, on a controlled diet, before and after periods of dehy- 
dration: the electrolyte and the water content of skeletal muscle 

(lumbar portion, sacrospinalis) and of plasma, the plasma volume 

(by use of the dye T-1824), and the “available (thiocyanate) 

fluid.” 

The animals were dehydrated by one or more intraperitoneal 
injections of 5 per cent glucose solution and by removing a volume 
of the 43 hour equilibrium fluid equal approximately to that in- 
jected. Immediately after the removal of from 100 to 150 milli- 
equivalents of chloride by this procedure, the total decreases for 
the “available fluid” and the plasma volume were approximately 
1200 and 260 cc., respectively. 

For the more prolonged studies, following the removal of electro- 
lytes, the dogs either were given no food or were given extracted 
(nearly salt-free) ground beef and free access to water. After 5 
days, although in general some restitution toward the normal 
values had occurred, the plasma volume, as well as the “available 
fluid,’ was still decreased. Upon a kilo weight basis, the ratio of 
plasma volume to “available fluid’’ was approximately the same 
in the normal and in the dehydrated animal. 

The decreases of plasma sodium and chloride concentrations were 
associated with lowered sodium and chloride content of the skeletal 
muscle. Relative to the control muscle, the loss of extracellular 


* Aided by a grant from the John and Mary R. Markle Foundation. 
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phase was generally accompanied by an increase of the intracellular 
phase. 


Thiamine Clearance As an Index of Nutritional Status. By 
Dantet MELNICK AND Henry Fiewp, Jr. From the Depart- 
ment of Internal Medicine, University of Michigan, Ann Arbor 
Studies were conducted with normal and deficient adult subjects 

receiving under controlled conditions a test dose of thiamine 

parenterally. The nutritional status of each individual was first 
determined by an evaluation of the dietary history and urinary 
thiamine values of the 24 hour specimens collected before and after 
the administration of an oral test dose of 5 mg. of the vitamin. 

The basal fasting 4 hour urinary thiamine values varied widely 

and were dependent to a large extent upon the thiamine content 

of the last meal. On the other hand, there was excellent agree- 
ment between the previously determined 24 hour urinary values 

and the excretion of extra thiamine during the 4 hour period im- 

mediately following intramuscular injection of 350 y of the vitamin 

per sq.m. of surface area. Under these conditions most of the 
extra urinary thiamine was excreted during the 4 hour period. 

The flooding effects, which follow parenteral administrations of 

the vitamin and tend to mask differences between normal and 

deficient subjects, were practically eliminated by use of the small 
test dose. Normal individuals excreted 8 to 26 (average 12) per 

cent of the injected thiamine; the deficient subjects excreted 1 to 6 

(average 3.5) per cent. All normal subjects (but none of the 

deficient individuals) excreted in excess of 50 y of total thiamine 

during the 4 hour period following dosage. There are numerous 
advantages in the use of the parenteral test dose method for study- 
ing clinical cases. 


On the Pasteur Enzyme and the Respiratory Ferment in Bakers’ 
Yeast.* By Josepn L. Metnicx. From the Laboratory of 
Physiological Chemistry, Yale University School of Medicine, 


New Haven 
The Pasteur enzyme of rat retina exhibits the photochemical 


* This work was aided by a grant from the Jane Coffin Childs Memorial 
Fund for Medical Research. 
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absorption spectrum of an iron porphyrin protein.t As Laser has 
shown, relatively high concentrations of carbon monoxide inhibit 
only the Pasteur reaction but not the respiration of retina and 
several other mammalian tissues. In order to study the relation- 
ship between the respiratory ferment (cytochrome oxidase) and 
the Pasteur enzyme in the same cell, a system must be selected 
the respiration of which as well as the aerobic fermentation is 
sensitive to carbon monoxide. 

Bakers’ yeast was chosen for the present experiments because 
Warburg has previously demonstrated that both its respiration 
and aerobic fermentation are carbon monoxide- and cyanide- 
sensitive and that the carbon monoxide inhibition is partially re- 
lieved by illumination. The vigorous respiration and the pro- 
nounced Pasteur effect exhibited by such yeast (Federal) at low 
temperatures (2°) is a further advantage for photochemical 
experiments. 

In the present experiments the photochemical efficiency of a 
number of wave-lengths of monochromatic light in the visible 
region was measured in relieving the carbon monoxide inhibition of 
the respiration and of the Pasteur effect. The results thus far 
obtained indicate that the two enzymes in bakers’ yeast possess 
similar photochemical absorption spectra. The Soret or y-bands 
almost coincide, whereas a significant difference in the position of 
the a-bands has been found. The conclusion that the two enzymes 
in yeast are similar in structure but not identical is supported by 
differences in the affinity constants for carbon monoxide and 
oxygen. 


Hyaluronidases of Animal and Bacterial Origin. By Karu 
Meyer AND ELEANOR CHAFFEE. From the Department of 
Ophthalmology, College of Physicians and Surgeons, Columbia 
University, and the Institute of Ophthalmology, Presbyterian 
Hospital, New York 
A study of hyaluronidases has been made, utilizing three reac- 

tions: (1) the increase of tissue permeability in vivo (“spreading 

reaction’’), (2) the hydrolysis of hyaluronic acid into reducing 
sugars, and (3) the drop in viscosity of hyaluronic acid containing 
natural fluids. 


t Stern, K. G., Melnick, J. L., and DuBois, D., Science, 91, 436 (1940). 
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All material containing a hyaluronidase acted as “spreading” 
agent, though not in all “‘spreading”’ agents could hyaluronidase be 
demonstrated, as for example in preparations obtained from the 
majority of Group A hemolytic streptococci. Hyaluronidases 
were demonstrated by all three reactions in four different types of 
pneumococci in all strains investigated. In hemolytic strepto- 
cocci the enzyme was found extremely variable and labile. 

The following animal sources contain hyaluronidases in high 
concentrations: testis, skin, spleen, leech heads, and snake 
venoms. The testicular enzyme has a pH optimum different 
from that of the bacterial enzymes. Testicular and leech en- 
zymes have a greater action on viscosity than have bacterial 
enzymes. Since no evidence could be found for the existence of 
separate hydrolyzing and depolymerizing enzymes, it is suggested 
that the hyaluronidases consist of a mixture of two enzymes, one 
hydrolyzing the large molecule into aldobionic acid, the other 
splitting aldobionic acid into acetylglucosamine and glucuronic 
acid. Other experimental facts support this hypothesis. 


Hypervitaminoses D, and D; in Dogs As Affected by Vitamin A. 
By Acnes Fay MorGan, JEANNETTE B. HENDRICKS, AND 
Ruta M. Freyrac. From the Laboratory of Home Economics, 
University of California, Berkeley 
Three sources of vitamin D were used, irradiated ergosterol 

(Dz), delsterol (irradiated animal sterols, D;), and tuna liver oil 

(chiefly Ds). Seven pure bred cocker spaniels were given 10,000 

u.s.P. units of vitamin D as one of these substances per kilo per 

day along with an adequate purified diet and with either 800 or 

10,000 v.s.P. units of vitamin A per kilo per day. Six litter 

mates had similar treatment, except that 72 units of vitamin D per 

kilc per day were given. After 8 months the dogs were sacrificed 
and the tissues examined chemically and histologically. From two 
other similar animals, one of which received excess irradiated er- 
gosterol and the other excess delsterol, the vitamin D was with- 

drawn after 3 to 4 months and the dogs allowed to recover for 5 

months. 

Judging by growth and condition of tissues of all these animals, 
it was evident that 10,000 units of either irradiated ergosterol or 
delsterol per kilo per day are highly toxic for young dogs, but when 
administered as tuna liver oil are much less injurious. The excess 
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vitamin A measurably protected the animals against this damage 
in all but one case. Functional recovery was rapid in the dog 
relieved of delsterol dosage but the damage to tissues was more 
severe and less repaired than in the animal relieved of irradiated 
ergosterol dosage. No repair of the extensive damage to the 
teeth occurred in any case. There was little calcium withdrawal 
from the soft tissues in 146 days of recovery. 


Effect of Fluorine on Phosphorus Metabolism of Rachitic Rats. 
By KenNeETH MorGAREIDGE, Davip W. ALLING, AND MAL- 
com Exuison. From the Department of Biochemistry and 
Pharmacology, The University of Rochester School of Medicine 
and Dentistry, Rochester, New York 
Both bone ash and radiographic studies have shown that in- 

corporation of fluorine into a cereal type, high calcium, low phos- 
phorus rachitogenic diet (Steenbock, Ration 2965) results in de- 
creasing the severity of the rachitic picture produced in young 
rats. For the production of rickets on such a diet, limitation of 
available inorganic phosphate is a primary factor. The action of 
fluorine is reflected in a corresponding increase of phosphorus re- 
tention from the diet. Phosphorus balances were determined 
weekly for 5 weeks on young rats weaned to Ration 2965 containing 
0.06 per cent NH,4F. On the average, these rats stored a total 
of 66 mg. of P while gaining 18 gm. of body weight. Litter mate 
controls, on the other hand, failed to retain any dietary P after 
the Ist week and by the 5th week had lost 9 mg. from their original 
body stores. Food intake and growth rate were essentially the 
same in both groups. 

Further experiments indicate that the addition of fluorine to 
the rachitogenic diet has no effect on the level of alkaline phospha- 
tase activity in blood, kidney, or intestine. Furthermore, 0.06 
per cent NH,F is not enough to alter the acid-base balance of the 
diet substantially. Parallel experiments with equivalent amounts 
of NH,Cl have failed to exert an effect. It is concluded that the 
phosphorus of the diet is more efficiently utilized by the rachitic 
rat in the presence of fluorine. 


Effect of Pantothenic Acid on Growth and Maintenance of Life 
in the C;H Strain of Mouse. By Harotp P. Morris ann 
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Sruart W. Lippincorr. From the National Cancer Institute, 

National Institute of Health, Bethesda, Maryland 

Feeding a highly purified diet deficient in pantothenic acid to 
C;H adult mice results in decreased body weight over a period of 
6 to 8 weeks and dermatitis, with loss of hair. Recovery of body 
weight occurs in 10 to 14 days following the feeding of pantothenic 
acid. The skin lesion promptly disappears and the coat condi- 
tion returns to normal. Mice suffering from a deficiency of this 
vitamin have recovered and have been maintained for several 
months in apparent normal health. The diet consists of vitamin- 
free casein, salt mixture, sucrose, Crisco, wheat germ oil, and corn 
oil fortified with vitamins A and D to which adequate amounts of 
thiamine hydrochloride, riboflavin, pyridoxine hydrochloride, cal- 
cium pantothenate, nicotinic acid, and choline hydrochloride have 
been added. 

The quantitative requirement of calcium pantothenate for 
growth in young C;H mice has been determined. Furthermore, 
C;H mice sufficiently deficient in calcium pantothenate to cause 
death do not develop adrenal hemorrhage or necrosis, as has been 
reported by others for the rat on calcium pantothenate-deficient 


diets. 


An Analysis of the Exercise Capacity of Two Groups of Adolescent 
Boys. By Minerva Morss, FrepEeric W. Scuiutrz, DoNALp 
E. CasseLs, BerHANA BUCKLIN, AND JEANNE MILLER. From 
the Department of Pediatrics of the University of Chicago, Chicago 
Boys 13 to 17 years of age have been tested for physical capacity 

by their ability to run on a motor-driven treadmill set at an 8.6 

per cent grade and a speed of 7 miles an hour. On the basis of 

the length of the run the boys have been divided into two groups 
of eleven each, one group able to run 2 to 4 minutes, the other 

4 to 5 minutes. The average age of each group was 15.4 years. 

This report constitutes a comparison of the two groups. 

During the run the rate of respiration of the group running the 
shorter period increased more rapidly and reached a limiting value 
sooner, the rate of lung ventilation was slightly higher, the per 
cent of oxygen utilization and the maximum oxygen consumed 
per kilo body weight were slightly lower, and the r.@. of the ex- 
pired air reached a value over 1.0 sooner, indicating an earlier rise 
in lactic acid. The blood lactate, protein, and phosphate con- 
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centrations in samples drawn 5 minutes after the run increased 
slightly more in the group running longer. The latter group 
showed a lower rise in pulse rate and greater rise in systolic 
pressure. 

During the “steady state’ of a 5 minute walk on the treadmill 
both groups showed similar rates of respiration, lung ventilation, 
and oxygen consumption. 

During rest the blood and extracellular fluid volumes were simi- 
lar for both groups. The total lung volume per kilo of body weight 
of the group running longer was slightly greater, owing to a 
larger functional residual air volume. The basal oxygen con- 
sumption of this group was higher. 


Prenatal Vitamin K to Forestall Hemorrhagic Disease of the 
New-Born. By J. W. Mutt, A. H. Britt, anp Heten Sxow- 
RONSKA. From the Laboratory of the Maternity Hospital, 
Cleveland 
In an attempt to lower the incidence of hemorrhagic disease of 

the new-born we have administered synthetic vitamin K in corn 

oil orally to 100 women in labor. From three to five determina- 

tions of prothrombin clotting time were made during the first 10 

days of life on the babies delivered by these women. The averages 

of these determinations, by days, show a more rapid clotting time 
in the treated subjects than in a like series of untreated controls. 

More striking, during the first 6 days of life, from 30 to 50 per 

cent of all the control determinations made for any one day are 

slower than the slowest clotting time found for the same day on a 

treated baby. Only one baby from a treated mother showed a 

prolonged clotting time. 

For economy of blood, a modified form of the bedside method 
of Quick was adopted. By this method normal adults not only 
varied but showed an individual daily variation. For comparison, 
therefore, an average of twenty-one individuals was used. This 
average of 19.2 seconds was only slightly faster than the daily 
averages of the treated babies. 

1 mg. of 2-methyl-1,4-naphthoquinone 4 to 10 hours before 
delivery proved adequate. Under 4 hours absorption was not 
always complete; after 10 hours the maximum effectiveness was 
lost. 

Three 1 mg. oral doses at 8 hour intervals proved effective in 
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controlling clinical bleeding in babies from untreated mothers, 
bringing their prothrombin clotting times to normal. 


The Excretion of Specific Fluorescent Substances in the Urine in 
Pellagra. By Vicror A. Nagsarn L. Emmerr 
From the Department of Pediatrics, the Johns Hopkins University, 
Baltimore 
In a recent publication* the authors have described in urea ad- 

sorbed on zeolite and eluted with KCl the presence of certain 

substances causing bluish fluorescence. One of these substances, 
which we have designated F;, is present in minimal amounts in 
normal urine but found in large amounts in pellagra. The second 
substance, designated F 2, exists as a precursor in the urine eluate, 
becoming fluorescent only on the addition of alkali. It has not 
been present in the urine of pellagrins that have come under our 
observation, but is present in normal urine and appears in in- 
creased quantity after the administration of nicotinic acid. When 
pellagra is treated with nicotinic acid, F; is promptly reduced and 

F, makes its appearance. 

These fluorescent substances offer substantial aid in the diagno- 
sis of pellagra. Their chemical nature is as yet obscure, but such 
studies as we have carried out in the attempt to identify them 
will be described. Each of these substances has a characteristic 
fluorescent spectrum, photographs of which will be presented. 


The Denaturation of Horse Serum Proteins and Its Reversal. 
By Hans Neuratu, Geratp R. Cooper, AND JOHN O. Erick- 
son. From the Department of Biochemistry, Duke University 
School of Medicine, Durham, North Carolina 
Denaturation of crystalline serum albumin and of pseudoglo- 

bulin GIIt by urea and guanidine hydrochloride results in a large 

increase of the relative viscosity of the protein, and in a correspond- 
ing decrease of the diffusion constant, indicating an increase in 

molecular asymmetry. In 8 m solution, guanidine exhibits a 

stronger denaturing power than urea. 

The denaturation of both proteins is reversible. For serum 


* Najjar, V. A., and Holt, L. E., Science, 93, 20 (1941). 
t Neurath, H., Cooper, G. R., and Erickson, J. O., J. Biol. Chem., 


in press (1941). 
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albumin, reversal can be accomplished by dialyzing out the de- 
naturing agent, adjusting the salt-free solution to the isoelectric 
point of the denatured protein, pH 5.2, and heating the solution 
to 40°, at which the irreversibly denatured protein precipitates. 
The protein of the filtrate has the same molecular weight and 
shape as the native material, as evidenced by diffusion and vis- 
cosity measurements. Its electrophoretic pattern and mobility 
appear to be analogous to that of the native protein. 

The fraction of total albumin irreversibly denatured increases 
with increasing concentration of urea, reaching a maximum value 
of about 20 per cent in 6 mM urea. The irreversibly denatured 
fraction has about the same diffusion constant in aqueous solution 
as the original protein in concentrated urea solution. 

Similar results have been obtained with the pseudoglobulin 
GII. Here separation of reversibly and irreversibly denatured 
protein is obtained in salt-free solution at low temperatures (over 
50 per cent being irreversibly denatured). The irreversibly de- 
natured pseudoglobulin resembles in solubility the normal euglo- 
bulin fractions. 


The Relation between the Bone Lipids of Rabbits and the Diet. 
By Harrison E. Newiin ano C. M. McCay. From the 
Laboratory of Animal Nutrition, Cornell University, Ithaca 
Diets varying from 2 to 32 per cent in their fat content were 

fed to rabbits. Even at the higher levels 80 to 90 per cent of the 

fat was utilized. At intervals up to 3 weeks representative rabbits 
were killed. The distribution of the fat in their bodies as well as 
the iodine number of the fat was determined. The bones of rab- 
bits serve as depositories for reserve fat. This fat of the bone 
marrow reflects the iodine number of the dietary fat. Fats are 
deposited in the bones at about the same rate as in the other stores 
but they are mobilized more slowly. In a typical study the iodine 
number of the bone lipids was 76 after 12 days of restricted food 
intake and rose to 107 after feeding cottonseed oil for 2 weeks. 

After 2 weeks of partial fasting, however, this value persisted at 

100. During this same period the mesentery fat exhibited the 

same changes, except that in the end this dropped to its original 

value of 65. Different bones, such as the humerus and the femur, 
may vary in their fat content on a dry basis from 2 to 24 per cent, 
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but within the same animal their content is similar. In most 
cases partial starvation produces a lowering of the iodine number 
of the bone lipids. 


Does Hydroxyglutamic Acid Occur in Milk Proteins? By Bry 
H. Nicoter anp Leo A. Sainn. From the Division of Physi- 
ology and Nutrition, Bureau of Dairy Industry, United States 
Department of Agriculture, Beltsville, Maryland 
The reaction of periodic acid with 8-hydroxy-a-amino acids has 

led to quite good methods for the determination of serine and 

threonine, as well as for total hydroxyamino acids of this type. 

These developments offer an outstanding opportunity to attack 

the problem presented by hydroxyglutamic acid. 

Since the time when Dakin reported 10.5 per cent of hydroxyglu- 
tamic acid in casein, and others found similar amounts in other 
proteins, various workers have found it difficult or impossible to 
isolate this acid. Gulland and Morris have apparently found it 
again, but at the concentration of 0.3 per cent in casein. It is 
quite impossible to doubt the sincerity of any of these authors, 
but one may perhaps question the adequacy of their methods. 

By our methods, in which we have considerable confidence, the 
following balance sheets result. Casein: 3.50 per cent threonine 
(corresponds to 3.09 per cent serine equivalent) and 5.16 per cent 
serine; total, 8.25 per cent serine equivalent; total hydroxyamino 
acids, by NH; evolution, 8.02 per cent serine equivalent; lactal- 
bumin: 4.70 per cent threonine (4.15 per cent serine equivalent) 
and 4.26 per cent serine; total 8.41 per cent serine equivalent; 
total hydroxyamino acids, by NH; evolution, 8.32 per cent 
serine equivalent. 

None of our evidence suggests the existence of hydroxyglu- 
tamic acid in either protein. We are now studying, and hope to 
report on, a minor source of error which may perhaps make our 
results not inconsistent with the presence of not more than 0.3 
per cent of this acid. 


Relationship of the Chemical Structure of Morphine Derivatives 
to Their Urinary Excretion in Free and Bound Forms. By 
Frep W. Oserst. From the United States Public Health 
Service Hospital, Lexington, Kentucky 
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The discovery of a bound form of morphine in the urine of both 
men and animals raised the question as to what position or posi- 
tions on the morphine molecule this binding occurs. The existence 
of certain compounds of the morphine series made it possible to 
study this question. Accordingly, the urinary excretion of eight 
drugs of this series has been studied in morphine addicts after sub- 
stitution of these substances for morphine. The urine was 
analyzed for the presence of both free and bound forms of these 
compounds. The bound form was liberated by acid hydrolysis. 

It was found that morphine, diacetylmorphine (heroine), iso- 
morphine, methylmorphine (codeine), and dihydroheterocodeine 
are excreted in both free and bound forms. The bound fraction 
was in every instance greater than the free fraction (2 to 10 times, 
depending on dosage). Dihydrocodeine and dihydroisocodeine 
were excreted mainly in the free form, only small amounts being 
bound. Dihydrocodeine methyl ether was excreted in only the 
free form. 

It would appear, therefore, that both the phenolic and the 
secondary alcoholic hydroxide groups of the morphine molecule 
are involved in the binding process, for, when both these groups 
are methylated, the conjugating mechanism is lost. 


The Effect of Heat on the Availability of the Iron of Beef Muscle. 
By HELEN OLDHAM AND W. Scuiutz. From the 
Department of Pediatrics of the University of Chicago, Chicago 
Young male rats were made anemic by a raw milk diet which 

was fortified by the addition of copper and manganese salts. 

When the hemoglobin levels were reduced to 3.0 to 4.0 gm. per 

100 ml. of blood, the animals were paired as to litter, hemoglobin 

level, and weight and divided into three groups. Different sup- 

plements equivalent in iron content were then added to the basal 
diet and hemoglobin was followed for a period of 6 weeks. 

The members of each pair of animals received isocaloric diets 
but different iron-containing supplements. In Group A oven- 
dried beef muscle and ferric chloride were given, in Group B 
vacuum-dried beef muscle and ferric chloride, and in Group C 
oven-dried and vacuum-dried beef muscle. 

Hemoglobin determinations were made at the beginning of the 
experiment and at the end of the 2nd, 4th, 5th, and 6th weeks. 
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The same amount of hemoglobin formation was observed when 
the supplement was oven-dried beef as when it was ferric chloride, 
Significantly less hemoglobin formation occurred when vacuum- 
dried beef was fed. 


The Effect of Cobalt on Hemoglobin Formation in Rats Fed a Diet 

Low in Protein. By Atine UNDERHILL OrtTEN. From the De- 
7 partment of Physiological Chemistry, Wayne University College 

of Medicine, Detroit 

Previous studies have demonstrated that a mild, chronic hypo- | 
chromic anemia develops in rats which have been fed since wean- 
ing a diet low in protein but adequate in other respects. The 
anemia is not corrected by the administration of iron or of the 
individual “essential” and certain “‘non-essential” amino acids but 
is readily cured by the feeding of an adequate amount of protein, | 
In other work, it has been shown that the administration of cobalt 
to rats fed an adequate diet produces a marked polycythemia 
characterized by an increase in both the concentration of hemo- 
globin and the erythrocyte count. The polycythemia does not 
develop, however, if the diet is lacking in iron or copper, inasmuch 
as these substances are essential for hemoglobin formation. It was 
of interest, therefore, to determine whether cobalt will produce 
an increase in hemoglobin formation in rats made anemic by the 
feeding of a low protein diet, since an adequate amount of protein 
5 likewise appears to be essential for normal hemoglobin production. 

Cobalt (CoCl,) was given orally in a dose of 0.5 mg. daily to 
ten rats fed the low protein diet and in which there existed the 
characteristic anemia. A steady increase in the concentration of 
hemoglobin in the blood, similar to that observed in cobalt- 
treated normal animals, has been found during an 8 week period 
of observation. There is a corresponding increase in the erythro- 
cyte count. The results of further observations will be discussed. 
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Metabolism of Nicotinic Acid Derivatives in Man and in Labora- | 
tory Animals. By A. Perizweic, Herserr P. 
7 Sarett, AND Jesse W. Hurr. From the Department of Bio- 
chemistry, Duke University School of Medicine, Durham, North 
Carolina 

¥ Using diets containing known amounts of nicotinic acid and 
practically free of trigonelline we have extended our studies of 
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urinary excretion* in man and animals. Trigonelline is a normal 
metabolite of man, rat, and dog; daily excretion in the dog is 
1.5 to 10 mg. depending on the degree of nicotinic acid saturation. 
In man it is 9 to 13 mg. of trigonelline daily with only the normal 
dietary source of nicotinic acid. Nicotinic acid derivatives and 
trigonelline in the urine account for 30 to 50 per cent of the dietary 
nicotinic acid in man and dog. Rabbits do not synthesize tigonel- 
line and excrete only 1 to 4 mg. of repeated 10 mg. doses of nico- 
tinic acid or amide unaltered. Doses of trigonelline are excreted 
almost completely by man, dog, and rabbit. 

In man 200 mg. doses of nicotinic acid lead to an added excre- 
tion of 25 to 50 mg. of trigonelline and 2 to 40 mg. of nicotinuric 
acid, whereas nicotinamide results in an added 40 to 70 mg. of 
urinary trigonelline only. Dogs on a low nicotinic acid intake 
retain 75 to 100 per cent of an oral or intravenous 25 mg. dose of 
nicotinic acid or nicotinamide. However, on a high nicotinic acid 
diet, 25 to 100 mg. doses can be completely recovered as extra 
trigonelline and nicotinurie acid in the urine. Glycine or choline 
causes no demonstrable increase in the conjugation to nicotinuric 
acid or the methylation to trigonelline in man, dog, and rabbit. 
The unrecovered nicotinic acid in rabbits cannot be accounted for 
by our tissue analyses. 


Effect of Vitamins B, and D on Carbohydrate Metabolism. By 
Lupwia Pincussen. From the Department of Physiological 
Chemistry, College of Medicine, University of Illinois, Chicago 
Since in earlier experiments it was found that ultraviolet irradia- 

tion led to changes in carbohydrate metabolism very similar to 

the effect of insulin, an effort was made to determine whether the 
same changes might be produced by vitamin D. Adding this 
vitamin to the diet of rats resulted in the same trend in metabolism 
as was observed with irradiated animals: increase of glycogen in 
the liver, and to a lesser degree in the muscle. The quotient, 
carbohydrate/lactie acid, went up in blood, liver, and muscle. 

That these effects are in some way connected with insulin was 

demonstrated by the higher insulin content in the tissues of animals 

given vitamin D. 

Compared to the storing effect of vitamin D, the importance of 


* Perlzweig, W. A., Levy, FE. D., and Sarett, H. P., J. Biol. Chem., 136, 
729 (1940). 
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vitamin B,; is directed more toward metabolizing. Whether vita- 
min B, increases or decreases the quantity of glycogen in the liver 
depends upon the quantity of vitamin B, present in the food, 
Combinations of vitamins D and B, in the right proportion produce 
the highest values. This is especially true for the glycogen con- 
tent of the muscle which performs enduring work. 

Experiments are in progress to determine whether factors in 
food other than vitamins B, and D, such as phosphorus com- 
pounds, play a part with them in influencing carbohydrate 
metabolism. 


Creatine-Creatinine Metabolism and the Vitamins. II. The 
Effect of Parenteral Injection of the Vitamins upon Creatine- 
Creatinine Excretion. By Howarp H. 
Bearp. From the Department of Biochemistry, Louisiana State 
University School of Medicine, New Orleans 
Various vitamins were injected into adult rats fed upon our 

stock diet and the effect of this treatment upon the excretion of 

creatine and creatinine in the urine above the control values for 
these substances was determined. The results obtained were as 
follows: 

Injection of the following vitamins did not influence the excre- 
tion of creatine and creatinine: vitamin A (ester produced by 
molecular distillation), thiamine chloride, pyridoxine hydrochlor- 
ide, riboflavin, nicotinic acid, viosterol, biotin (vitamin H), 
2-methylnaphthoquinone, and calcium pantothenate. 

Injection of cocarboxylase and cebione caused a retention of 
creatinine. Vitamin K, caused a retention of creatinine in three 
studies and an increased excretion of creatinine in another. 

Injection of vitamin E (a-tocopherol) caused a total retention of 
156 mg. of creatinine in four studies, which was followed by an 
increased excretion of creatine, as creatinine, of 146 mg. 


The Determination of Cytochrome C in Tumor Tissue. By V. 
R. Porrer anp K. P. DuBots. From the McArdle Memorial 
Laboratory, University of Wisconsin, Madison 
A new method for the determination of cytochrome c in normal 

and neoplastic tissue has been developed. The cytochrome is 

extracted from tissue by a modification of existing methods, in- 
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volving homogenization in 5 to 20 volumes of water and addition 
of dilute trichloroacetic acid to pH 3.5. The supernatant is 
brought to pH 7.0 and the resulting precipitate is centrifuged down 
and discarded. Trichloroacetic acid is then added to the super- 
natant to give a final concentration of 5 per cent and cytochrome 
c is quantitatively precipitated. The precipitate is taken up in 
dilute NaOH to pH 7.0 to 7.5. The final volume is about 2.0 ml. 
The actual determination is then made with a photoelectric spec- 
trophotometer according to the principle of specific enzymatic 
oxidation and reduction previously suggested.* 

The cytochrome content of various types of tumor tissue is uni- 
formly much lower than any type of normal tissue studied with 
the exception of lung. Retina has not been analyzed. Thus far 
the following tumors have been studied: Flexner-Jobling rat 
carcinoma, Walker No. 256 rat carcinoma, Yale mouse tumor No. 
1, transplanted ultraviolet-induced mouse tumor, and rat liver 
tumor induced by orally administered butter-yellow. All tumor 
samples have been within the range of 5 to 18 y of cytochrome c 
per gm. of fresh tissue. It seems likely that the aerobic glycolysis 
of tumor tissue is at least partly explainable on the basis of low 
cytochrome content. 


Separation of Posterior Pituitary Principles by Chromatographic 
Adsorption. By Apert M. Ports anp T. F. GALLAGHER. 
From the Department of Biochemistry of the University of Chicago, 
Chicago 
We have investigated the separation of posterior pituitary 

pressor and oxytocic principles by chromatographic adsorption on 

artificial zeolites. Using dilute acetic acid extracts of posterior 
lobe powder, we find that the pressor principle is more strongly 
adsorbed and may be eluted by sodium chloride solution. In this 
fashion we have obtained pressor fractions low in oxytocic activity 
and similarly preparations in which the proportions are reversed. 

The process may be repeated with still further concentration of 

either principle or of both. The recovery of activity is 80 per 

cent or better and substantial purification is achieved in the 
process. 


* Potter, V. R., J. Biol. Chem., 187, 13 (1941). 
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The Accurate Determination of Small Amounts of Urine Protein 
by the Biuret Reaction. By J. W. Pricr. From the Depart- 
ments of Medicine and Biochemistry, School of Medicine, Western 
Reserve University, Cleveland 
The Shevky-Stafford procedure for determining urine protein is 

fairly reliable within certain limits of protein concentration, above 

and below which considerable error may be encountered. Kjel- 
dahl and gravimetric methods are more accurate but are tedious 
and may give rise to considerable error when only small amounts 
of protein are determined. The biuret reaction is applicable in 
such cases and, when the color reading is made with a photometer 
or photoelectric colorimeter with suitable filter, the difficulty of 
obtaining a satisfactory standard is eliminated. The conditions 
established by Robinson and Hogden* for obtaining reproducible 
colors are used except that tungstic acid is preferred to trichloro- 
acetic acid, since it gives better precipitation. Protein in con- 

centration as low as 0.03 gm. per 100 cc. may be determined in 5 

cc. of urine with a maximum error of +5 per cent as compared with 

simultaneous Kjeldahl analyses. For larger amounts of protein, 
less urine is required and smaller errors may be expected. 


Stabilization of Carotene in Linoleic Ester. By F. W. Quack- 
eNBUSH, R. P. Cox, anp H. Sreensock. From the Depart- 
ment of Biochemistry, University of Wisconsin, Madison 
Vitamin A-deficient rats failed to respond to a daily supplement 

of 5 y of carotene when given in 1 drop of ethyl linolate. How- 

ever, a normal response was obtained when the carotene was given 
in soy bean oil or in a mixture of equal parts of ethyl linolate and 
soy bean oil. The soy bean oil could be replaced by a-tocopherol 
or catechol; but not by hydroquinone nor by pyrogallol. The 
effectiveness of the soy bean oil was not destroyed by its previous 
oxidation to a peroxide number of 40. Evidently the peroxide 
number of a fat is not a reliable criterion of the stability of caro- 
tene when antioxidants are present. 

In experiments in vitro at 37° ethyl linolate developed peroxides 

rapidly with complete disappearance of dissolved carotene in 24 

hours. The destruction of carotene was prevented entirely and 


* Robinson, H. W., and Hogden, C. G., J. Biol. Chem., 186, 707, 727 
(1940). 
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the development of peroxides reduced but not prevented by hydro- 
quinone, pyrogallol, catechol, a-tocopherol, or soy bean oil. 

Molecular distillation of the soy bean oil resulted in the con- 
centration of the entire activity in the first 1 per cent of distillate. 
The distillation curve of the active constituent closely paralleled 
that of a-tocopherol. 

There would seem to be no incompatability between carotene 
and linoleic ester if a suitable antioxidant is present. However, 
a distinction should be made between antioxidants which function 
in vitro and those which are effective in the intestinal tract. 


On the Mechanism of Action of Sulfanilamide and Sulfapyridine, 
with Special Reference to the Inhibiting Effect of Various 
Chemical Compounds in Infected Mice. By Grorce W. 
Ratziss, M. Severac, AND J.C. Morrscu. From the Graduate 
School of Medicine, University of Pennsylvania, and the Abbott 
Laboratories, Philadelphia 
Woods of England has shown that p-aminobenzoic acid inhibits 

the bacteriostatic effect of sulfanilamide in vitro. Selbie has dem- 

onstrated that the same chemical compound administered by 
mouth inhibits the therapeutic effect of sulfanilamide in mice in- 
fected with hemolytic streptococci. 

We studied the inhibiting effect of p-aminobenzoic acid and 
hydroxybenzoic acid, as well as other chemical compounds, on the 
therapeutic effect of sulfanilamide and sulfapyridine in strepto- 
coecus and pneumococcus Type II infections of mice. Some 
chemical compounds were found to be strong inhibitors; other 
closely related chemical compounds did not show any inhibiting 
effect. 


Storage and Excretion of Vitamin D in the Rat after a Single Oral 
Dose. By Donatp G. Remp. From the Department of Bio- 
chemistry, Albany Medical College, Albany 
Previous work from this laboratory on the vitamin D content 

of animal bodies after administration of large single or repeated 

toxic doses indicates that only a very small part of the vitamin is 
retained by the animal.* 
* Knudson, A., Remp, D. G., and Barlow, O. W., American Chemical 

Society, Division of Biological Chemistry, Detroit (1940). 
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Studies of the storage and excretion of a single dose (100 1.v.) 
of crystalline vitamin D, to a rachitic rat have been made. The 
vitamin was separated from the tissues and feces by an extraction 
technique previously described.* The vitamin D content of rat 
carcasses has been determined at periods of 1, 3, 6, and 10 days 
after the oral dose. Only one-third to one-fourth of the vitamin D 
administered remains in the body of the rat at the end of 24 hours, 
The amount of vitamin D remaining in the body continues to de- 
crease until at the end of 10 days only 5 to 10 per cent of the 
amount fed remains. Only small and relatively constant amounts 
of the vitamin can be found in the feces during these periods. 


Factors Related to Rat Dermatitis. By L. R. RicHarpson anp 
AuBert G. HoGan. From the Department of Agricultural Chem- 
istry, University of Missouri, Columbia 
The relation of pyridoxine, pantothenic acid, and fatty acids to 

dermatitis in rats was studied on two basal rations. (1) One con- 
tained 2 per cent of cod liver oil and was supplemented with thi- 
amine and riboflavin; (2) the other contained a minimum amount 
of fat (0.025 per cent) and was supplemented with carotene, cal- 
ciferol, choline, thiamine, and riboflavin. 

(1) The dermatitis produced on the cod liver oil ration was not 
healed permanently unless both pyridoxine and pantothenic acid 
were supplied. Females that received these supplements were in 
excellent condition and weighed 175 to 185 gm. at the end of a 20 
week experimental period. (2) The dermatitis produced on the 
low fat ration was healed permanently if both pyridoxine and 
pantothenic acid were added. However, after some initial gains, 
the rats declined and died unless they received the essential fatty 
acids. The rats were in good condition after 25 weeks when they 
received 5 to 10 mg. daily of either linoleic acid or methy! ara- 
chidonate in addition to pyridoxine and pantothenic acid. All the 
rats on the diet deficient in fatty acids developed scaly tails. 

If both pyridoxine and pantothenic acid were withheld, derma- 
titis was not prevented by 50 mg. daily of either linoleic acid or 
methyl arachidonate. A combination of fatty acid with one of 
the two vitamins, pantothenic acid or pyridoxine, was partly in- 
effective. Both were necessary for complete protection. The 
symptoms were less severe with linoleic acid than with methyl 


arachidonate. 
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On the Gravimetric Determination of Blood Serum Protein. By 
Howarp W. AND CorINNE G. From the 
Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cin- 
cinnatt 
A series of determinations was made, first, to compare the gravi- 

metric values with those from nitrogen determinations by the 

micro-Kjeldahl procedure, and, second, to determine the amount 
of nitrogen in the filtrate and washings of the heat coagulum and 
its effect on the final gravimetric values. Exact agreement be- 
tween determinations in quadruplicate was always obtained when 
we used the method of Bierry and Vivario in which the main por- 
tion of the coagulated protein is washed in a weighed centrifuge 
tube and only the supernatant liquid after centrifugation is passed 

through a weighed filter. These values were always within 0.3 

gm. per 100 ce. of the micro-Kjeldahl values. It made no differ- 

ence in the final weights whether the lipids were removed before 
or after heat coagulation. The percentage of nitrogen in the dry 

coagulum from the sera in this series was between 15.4 and 15.7. 
The nitrogen in the filtrate and first seven washings with hot 

water after heat coagulation of rabbit serum was about 20 mg. per 
100 ce. of serum in excess of the non-protein nitrogen determined 
on a trichloroacetic acid filtrate, whereas in dog serum this excess 
was approximately twice as great. After washing the coagulum 
over fourteen times with hot water, small amounts of nitrogen were 
still being removed, but between the seventh and the twentieth 
washing this did not significantly alter the weight of the deter- 
mined protein. 


Bromide and Chloride Relationships in Blood Plasma, Spinal Fluid, 
and Urine in Mental Patients Receiving Massive Bromide 
Therapy. By 8S. Rossen anp A. REICHENBERG. From 
the Hastings State Hospital, Hastings, Minnesota 
Twenty deteriorated mental patients received NaBr by mouth, 

gradually increased from 1 gm. daily to 2 gm. three times a day 

after 10 days and then to 2 gm. five times a day after 36 days. 

This dosage was then continued for about 60 days, so that the 

total dosage reached 500 to 600 gm. in3 months. Only one case of 

bromide dermatitis developed and at least some of these patients 
showed a reduction in frequency of involuntary excretion. After 
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2 to 6 weeks on this régime blood plasma Br attained its maximum 
level of 15 to 30 milliequivalents per liter. Minimum values of C] 
were 60 to 75 m.eq. per liter of plasma. Replacement of Cl by 
Br in plasma was qualitative but not quantitative, the sum of 
[Br] + [Cl] falling to 90 m.eq. per liter or less when [Br] was high. 
Urine Br commonly reached 20 to 30 m.eq. per liter and occa- 
sionally 40 m.eq. per liter. Spinal fluid Br never rose as high as 
plasma Br and averaged 40 to 60 per cent less, reflecting faithfully 
changes in plasma Br. After cessation of NaBr administration Br 
in plasma and spinal fluid fell gradually, reaching 50 per cent of 
previous maximum values within 2 weeks and 10 to 20 per cent 
in 4 weeks. Spinal fluid Br continued at 50 per cent or less of the 
concentration in the plasma at all times during the elimination 
period. Administration of excess NaCl hastened the elimination 
of blood and spinal fluid Br after cessation of bromide admin- 


istration. 


Nutritional Properties of Powdered Wool. By Josrern I. Rourn. 
From the Biochemical Laboratory, State University of Iowa, Iowa 
City 
When wool is ground in a ball mill it becomes readily digestible 

by trypsin and pepsin in vitro. This behavior suggested possible 

utilization of powdered wool for growth in rats. 

Preliminary studies indicated that animals fed unsupplemented 
powdered wool as the sole source of protein lost weight less rapidly 
and lived considerably longer than controls on a nitrogen-free diet. 
To determine which amino acids were needed as supplements to 
those present in wool, the growth of rats was tested on hydrolysates 
of wool supplemented with various amino acids. These same 
amino acids were then used as supplements in more extensive 
studies on powdered wool. 

The basal diet in these experiments consisted of powdered wool 
(15 to 20 per cent), starch, sucrose, agar, salt mixture, Crisco, cod 
liver oil, and choline. The vitamin B complex was fed separately 
as pills. Three groups of six rats each were used. When trypto- 
phane, methionine, and histidine were added to the diet of one of 
these groups, the rats gained an average of 46 gm. each in 56 days. 
The rats in the other groups received only two of these amino 
acids; they lost 2 to 5 gm. in 28 days. Subsequent addition of the 
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third amino acid and lysine induced a gain of 45 to 47 gm. in the 
next 28 days. The above results indicate that when wool is finely 
ground its amino acids are made available for growth of rats. 


The Absorption and Retention of Carotene and Vitamin A by Hens 
on Normal and Low Fat Rations. By Wa.rer C. Russe., 
M. Wieur Taytor, H. A. WALKER, AND L. J. Pouskin. From 
the Department of Agricultural Biochemistry, New Jersey Agri- 
cultural Experiment Station and Rutgers University, New 
Brunswick 
On a low fat (0.1 per cent or less) ration laying hens absorbed 

less carotene, fed in crystalline form, than on a normal ration con- 
taining about 4.0 per cent fat. When the level of carotene feeding 
on the normal ration was increased 4-fold, the quantity of carotene 
retained showed an increase of the same order, whereas on the 
low fat ration there was only a 2-fold increase and the quantity of 
carotene retained was markedly less than with the normal ration. 
Thus the presence of ether-extractable (fatty) substances in the 
ration favors the absorption of carotene. Carotene injected intra- 
venously was not excreted in the droppings either on the normal or 
low fat ration. Therefore the carotene which appeared in the 
excreta during the feeding experiments is probably that which was 
not absorbed. 

In contrast with carotene, the hen absorbs vitamin A as effi- 
ciently on the low fat ration as on the normal. With increasing 
levels of feeding the percentage recovered in the droppings was 
practically constant and characteristic of the individual hen. 

At autopsy, approximately 5 weeks after the feeding of massive 
doses of vitamin A, the livers of the birds on the low fat ration con- 
tained about one-eighth as much of the vitamin as those of the 
normal. ‘This indicates that a substance or substances, removed 
by ether extraction of the ration, is necessary for the retention of 
vitamin A. 


The Relation of Pantothenic Acid, Pyridoxine, and Linoleic Acid 
to the Cure of Rat Acrodynia. By W. D. Satmon. From the 
Laboratory of Animal Nutrition, Alabama Polytechnic Institute, 
Auburn 
Rats receiving a fat-free diet of purified casein, sucrose, and 
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salts, supplemented with carotene, calciferol, a-tocopherol, thi- 
amine, riboflavin, and choline developed severe acrodynia. There 
was more generalized fissuring of the epithelium than when the diet 
contained factor 2 or calcium pantothenate. 

After the dermatitis was developed, it was not improved by the 
addition of either calcium pantothenate or methy!] linolate alone. 
The addition of pyridoxine alone produced some increase in weight 
and, except in the most severe cases, appeared to initiate healing 
of the dermatitis. There was desquamation of thickened epi- 
thelium on the ears, nose, and feet. These areas retained a florid 
color and a smooth new skin texture, however, instead of regaining 
their normal appearance. The fissuring of epithelium over the 
body surface usually increased in severity and the exfoliating scales 
gave the hair a distinct tufted appearance. The period of survival 
varied from a few days to 2 or 3 weeks. 

When both pyridoxine and calcium pantothenate were added, 
there was a rapid improvement in the dermatitis and gain in 
weight. After a few weeks the weight became stationary. The 
skin remained rough and scaly and the hair coat became short and 
sparse. Hematuria consistently developed. The further addition 
of methyl linolate restored the rats to an apparently normal 
condition. 

It is thus apparent that three factors are necessary for complete 
cure of rat acrodynia. These are pyridoxine, linoleic acid, and 
pantothenic acid. 


The Disposition of Injected Glucose in a Diabetic Strain of Rats. 
By GrorGe Sayers AND JAMES M. OrtEN. From the Depart- 
ment of Physiological Chemistry, Wayne University College of 
Medicine, Detroit 
A comparative study has been made of the disposition of injected 

glucose alone and glucose with added sodium chloride in non- 
diabetic (Wistar and Yale strains) and “diabetic” (Yale strain) 
rats. The glucose was administered intraperitoneally to fasting 
animals and its absorption, excretion, concentration in the blood, 
and storage as glycogen were studied. The amounts of sugar in 
the peritoneal fluid, urine, and blood were determined by macro- 
and micromodifications of the Hagedorn and Jensen method. The 
glycogen content of liver and muscle was determined by a modifica- 
tion of the Good, Kramer, and Somogyi method. 
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Little difference has been found in the peritoneal absorption and 
renal excretion of glucose and in the glycogen content of muscle 
in the two strains of rats. However, the storage of glycogen in the 
liver is significantly greater in rats of the non-diabetic strain and 
in normal members of the “diabetic’”’ strain than in the “diabetic”’ 
animals. The low liver glycogen values which characterize the 
latter rats may be related to the low glucose tolerance observed in 
these animals. 

The addition of sodium chloride to the glucose improves the glu- 
cose tolerance of the “‘diabetic’’ rat by increasing both the excre- 
tion of glucose in the urine and the deposition of glycogen in the 
liver. 


Bile Acid Metabolism; Bacterial Decomposition of Cholic Acid. 
By L. H. Scumipr anp Mary H. Green. From the Christ 
Hospital Research Institute and the Department of Biochemistry, 
College of Medicine, University of Cincinnati, Cincinnati 
The preceding study showed that cholic acid was destroyed in 

the isolated cecum of the guinea pig. Earlier observations by 
other investigators, and the rapidity and completeness of destruc- 
tion observed here, suggested that bacteria might be involved in 
cholic acid decomposition. A study of the activity of organisms 
isolated from the cecum showed that Escherichia coli and Alcali- 
genes faecalis were the most active in decomposing cholic acid. 

The factors controlling the destruction of cholic acid by E. coli 
and A. faecalis were studied in beef infusion broth. Both organ- 
isms were active only when cholic acid concentrations were 0.5 per 
cent or less. Both decomposed cholic acid most rapidly when 
high concentrations of oxygen were present. Efforts to decompose 
cholic acid with cell-free extracts of E. coli have been unsuccessful 
thus far. However, rapidly dividing organisms were not essential 
for destruction. 

A study is being made of the decomposition products of cholic 
acid formed when A. faecalis is grown in synthetic media. Thus 
far we have recovered 52 per cent by weight of the original cholic 
acid in the form of acid-insoluble, ether-soluble, substances. The 
acid-insoluble materials give negative Gregory-Pascoe and Petten- 
kofer reactions. From these materials a ketone derivative has 
been isolated in crystalline form (m.p. 220°). Preliminary studies 
indicate that this compound is 3,7-dihydroxy-12-ketocholanic 
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acid. Further identification of this and the other acid-insoluble 
derivatives is in progress. 


The Molecular Regeneration of Normal Blood Proteins and of the 
Specific Antibody. By Rupo_r Her 
DELBERGER, D. RITTENBERG, AND 8S. Ratner. From the De- 
partment of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York 
The rapid and balanced chemical reactions of body proteins ob- 

served with the aid of isotopes seem to involve not only all organs 
but almost all proteins. Closer investigation of the plasma of 
animals given isotopic amino acids showed a chemical activity 
almost equal in all protein fractions, and of the same order as that 
of the proteins of most internal organs. Comparison of the isotope 
concentration in the proteins and the respective non-protein nitro- 
gen fraction indicates that the chemical reactions in the plasma 
proteins occur while they are in contact with the organs. 

The specific antibody (to hemocyanin or pneumococcus Type 
III) reacts in an analogous manner. Animals (rabbits or rats) 
previously immunized were given small amounts of isotopic amino 
acids at a time when the total amount of antibody was steadily 
decreasing. Antibody was isolated by specific precipitation. 
During the period of isotope administration, the isotope content 
in the antibody rapidly increased, and dropped immediately after 
discontinuation of administration of the labeled compound. Hy- 
drolysis and isolation of amino acids from antibody proteins and 
other plasma fractions indicated that they are all subject to the 
same rapid and extensive chemical reactions, involving rupture of 
peptide linkages, shift of amino groups, and other interconversions. 


Hepatic Protein (“‘Nucleoprotein’”’) of Fasted Rats. By JuLius 
Scuuttz AND Harry M. Vars. From the Harrison Depart- 
ment of Surgical Research, School of Medicine, University of Penn- 
sylvania, Philadelphia 
The protein of pooled samples of the livers of five rats fasted for 

48 hours was isolated according to the method of Addis, Poo, and 

Lew. Average values of six such groups of five for nitrogen, sulfur, 

phosphorus, cystine sulfur, purine nitrogen, glycogen, and ash 

were as follows in per cent of dry weight of protein: 16.00, 1.09, 

0.493, 0.37, 0.477, 0.44, and 1.35, respectively. 
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The values for nitrogen, sulfur, and cystine sulfur differ very 
little from those reported by other authors for liver proteins of 
fasted rats. 

The ratio of purine nitrogen to phosphorus leads one to believe 
that we are dealing with a nucleoprotein whose nucleic acid con- 
tent is about 5.0 per cent of the total protein. Nucleoprotein iso- 
lated by other investigators from different sources contains varying 
amounts of nucleic acids; thus, tobacco mosaic virus 5.2 per cent; 
bacterial proteins 14.0 to 24.0 per cent. Greenstein has recently 
reported the isolation of a liver protein fraction which, from its 
phosphorus and nitrogen content, appears to contain about 8.0 
per cent nucleic acid. 

‘It is interesting to note (in view of the many studies on the 
fractionation of liver proteins) that the composition of the liver 
protein isolated by us is very similar to that reported by Green- 
stein despite the fact that the “nucleoprotein” of the latter repre- 
sented only 5.0 per cent of the total liver protein, while our data 
were obtained upon the total liver protein. 


Note on the Graff Modification of the Vickery-White Procedure 
for the Estimation of Cystine. By Jutius anp Harry 
M. Vars. From the Harrison Department of Surgical Research, 
School of Medicine, University of Pennsylvania, Philadelphia 
The composition of the precipitate obtained by treating reduced 

protein hydrolysates with cuprous oxide was studied carefully by 

Vickery and White.* They concluded that precipitates of suffi- 

cient purity can be obtained so that the amount of cystine present 

can be calculated from an estimation of the sulfur content. Later 

Graff et al.t introduced a micromodification of the procedure and 

stated that with this method (reducing with zinc, precipitation at 

pH 4 in the presence of acetate, and washing with dilute citrate- 
acetate buffer at pH 3.6) a cystine copper precipitate of such high 
purity is obtained that a micro-Kjeldahl nitrogen could be substi- 
tuted for the sulfur analysis recommended by Vickery and White. 

We have found that from a known solution of cystine and purine 

(xanthine, guanine) more nitrogen was precipitated by cuprous 

oxide than could be expected from the cystine present. 

Sulfur, nitrogen, and purine nitrogen analyses of these precipi- 
* Vickery, H. B., and White, A., J. Biol. Chem., 99, 701 (1932-33). 
t Graff, S., Maculla, E., and Graff, A. M., J. Biol. Chem., 121, 81 (1937). 
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tates, of those obtained from a cystine-guanine-xanthine-gelatin 
solution of known composition, and finally of those obtained from 
21 per cent hydrochloric acid hydrolysates of protein isolated from 
dog and rabbit liver have shown that the extra nitrogen was present 
as purine nitrogen. 

It is, therefore, recommended that until conditions can be found 
under which purines are destroyed completely in the presence of 
cystine sulfur analyses be used to estimate the cystine content of 
the purified precipitates obtained by treating reduced protein hy- 
drolysates with cuprous oxide. 


The Determination of Keto Acids and d-Amino Acids in Biological 
Materials. By Roserr Ripgety SEALocK AND Henry W. 
ScuerP. From the Departments of Vital Economics and Bac- 
teriology, The University of Rochester, Rochester, New Y ork 
Previous success in determining a-keto acids with the reagent 

2,4-dinitrophenylhydrazine suggested its use in combination with 
the d-amino acid deaminase for following the urinary excretion of 
unnatural amino acids or their acetyl derivatives. This exten- 
sion of the hydrazine method necessitated investigation of certain 
factors involved in the colorimetric determination. 

Examination of the absorption spectra of the hydrazone of 
p-hydroxyphenylpyruvie acid in sodium hydroxide solutions dem- 
onstrated the importance of the alkali concentration upon color 
formation. Further tests made with the photoelectric colorimeter 
showed that the intensity of the red color produced increases with 
increasing concentration of alkali. 

Calibration curves for the photoelectric method were obtained 
for various a-keto acids and other carbonyl compounds. In gen- 
eral, when these are plotted in terms of scale reading and molar 
concentration they are identical. 

The simplified and rapid procedure arrived at by application of 
these findings has proved particularly useful in determining the 
ketone derivatives in biological material. 

By treating solutions containing unnatural amino acids with the 
d-amino acid deaminase and determining the amount of keto acid 
formed, it has been possible to determine the amount of unnatural 
amino acid present. The results obtained with these procedures 
will be described. 
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Tumor Production in Mice by Low Doses of Carcinogenic Hydro- 
carbons. By M. J. SHear JoserH Leirer. From the 
National Cancer Institute, National Institute of Health, United 
States Public Health Service, Bethesda, Maryland 
In experiments on the promoting or retarding effect of substances 

of biological origin on tumor production by carcinogens, 2500 

Strain A mice were given one subcutaneous injection of a car- 

cinogen alone or in combination with the substance tested. 

Amounts of 3 ,4-benzpyrene and 20-methylcholanthrene from 0.04 

to 1.0 mg. were injected to ascertain the doses required to produce 

tumors in one-fourth to three-fourths of the animals. The solvents 
were lard, cetane, tributyrin, and tricaprylin. 

Both the filtrate and residue of lard, filtered at 38°, were used 
as vehicles. Filtrates from different batches of lard gave widely 
varying results. With the same specimen of filtrate, better repro- 
ducibility was obtained. Benzpyrene (0.065 to 0.1 mg.) in filtered 
lard produced tumors, rapidly, in most of the mice; dissolved in 
the residue it gave tumors, slowly, in but few. Addition of tri- 
caprylin to make the residue fluid at 38° did not increase tumor 
yield. Addition of tristearin to the filtrate markedly reduced 
tumor production. 

With tributyrin as solvent, ulceration occurred; tumor produc- 
tion by benzpyrene was less than with the same doses dissolved in 
tricaprylin. With cetane as solvent, few tumors were obtained. 

With progressively smaller doses of benzpyrene (0.1, 0.08, 0.065, 
and 0.05 mg.) in tricaprylin, tumor production was progressively 
smaller and slower (e.g., 63, 46, 26, and 17 per cent, respectively, 
at 160 days). 

In 1840 mice, equally divided between the sexes in parallel 
experiments, low doses of benzpyrene produced tumors in 54 per 
cent of the males and in 36 per cent of the females. 


The Utilization of the Calcium in Beets, Turnips, Celery, and 
Broccoli in Comparison with the Calcium in Dry Milk Solids. 
By J. B. SHretps H. H. From the Division of 
Animal Nutrition, University of Illinois, Urbana 
In five experiments involving 114 growing rats the availability 

of the calcium of various vegetable foods was compared with that 

of the calcium of dry milk solids at levels insufficient to promote 
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maximum calcification, with paired feeding or trio-feeding tech- 
nique. Calcium retentions were determined by carcass analysis, 
The results appear to justify the following conclusions. 

1. The calcium in beets is almost completely unavailable to the 
rat. There was an actual loss of 0.118 gm. of calcium per rat 
during a feeding period of 38 days on a diet containing beet tops. 
Beet flesh barely maintained calcium equilibrium, the average re- 
tention of 0.039 gm. being 17.4 per cent of that retained by rats 
receiving an equal amount of calcium from dry milk solids. 

2. The calcium in celery stalks is less available than that in 
celery leaves, the relative retentions compared with that of dry 
milk solids being 60.7 and 94.3 per cent respectively. 

3. The availability of calcium in broccoli and turnip tops is 
almost equal to that of dry milk solids, the relative retentions being 
94.6 and 92.5 per cent of that of dry milk solids. The difference 
between broccoli and dry milk solids was not significant. 


Phospholipids of Rats Poisoned with Iodoacetic Acid. By Roserr 
Gorpon Sinciarr. From the Department of Biochemistry, 
Queen’s University, Kingston, Canada 
The purpose of this work was to attempt to obtain further evi- 

dence of the existence of non-metabolic and metabolic phospho- 
lipids in animal tissues. On the basis of the claim that iodoacetic 
acid is a general inhibitor of phosphorylations and thus interferes 
with the synthesis of phospholipids, one would expect that during 
intensive fat metabolism the metabolic phospholipids would 
undergo a marked depletion, leaving the non-metabolic phospho- 
lipids relatively unaffected. 

It has been established that the injection of iodoacetic acid 
(7 mg. per 100 gm.) into fasting rats causes, in the liver, a 20 per 
cent decrease in the phospholipid and a 78 per cent decrease in the 
fat content, with no change in the acid-soluble phosphorus; in the 
intestine, no change in the phospholipid content and a 27 per cent 
increase in the acid-soluble phosphorus. The comparisons are 
based on a parallel group of fasting controls. There was no indi- 
cation of any difference in the mixture of fatty acids in the phospho- 
lipids of the two groups of rats. 

Still another group of rats was fed elaidin for 1 day and then 
injected with iodoacetic acid. In such animals the elaidic acid 
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present in the phospholipids of liver and intestine may be assumed 
to be exclusively in the metabolic fraction. It was thought there- 
fore that iodoacetic acid, by inhibiting further synthesis of phos- 
pholipid without affecting metabolic degradation, would reduce the 
elaidie acid content very materially. Actually, no significant 
difference was observed in the elaidic acid content of the phospho- 
lipids of the control and poisoned groups. 


Serum Sodium and Potassium in Juvenile Diabetic Patients. By 
Leon 8S. SMELO AND Martua B. Satnn. From the Renzie- 
hausen Foundation, Children’s Hospital of Pittsburgh, Pittsburgh 
Hald and Weichselbaum, Somogyi, and Rusk, respectively, have 

challenged the validity of reported normal values of serum sodium 

and potassium. Hald states that sodium results are excessively 
high when obtained by procedures which fail to remove phosphorus 
before the sodium precipitation. The authors present a modified 

Butler and Tuthill method for serum sodium based upon dry ashing 

in quartz tubes in which phosphorus removal is unnecessary. 
Upon study of the silver cobaltinitrite method proposed by 

Weichselbaum, Somogyi, and Rusk for potassium analysis, we 

could not confirm the conclusion of these authors that their pro- 

cedure gives a precipitate of constant composition and thereby 
overcomes the major source of error in earlier cobaltinitrite tech- 
niques. The chloroplatinate method of Consolazio and Talbott 
was modified and found after critical study to be satisfactory for 
potassium determinations. 

Employing the analytic techniques described above, we studied 
the serum sodium and potassium of fifteen normal subjects and 
thirty-four juvenile diabetic patients. Twenty-four determina- 


_tions were made upon the normal and 92 upon the diabetic individ- 


uals. he normal values ranged between 137 and 143 milli- 
equivalents for sodium and between 3.8 and 5.7 milliequivalents 
for potassium, with averages of 140.1 and 4.58. Corresponding 
ranges in the diabetics were 132 to 144 and 3.25 to 5.86 milli- 
equivalents, respectively, with average values of 138.4 and 4.78 
milliequivalents. Poor diabetic control results in low serum so- 
dium content and may be associated with abnormally low or high 
potassium values. The serum sodium and potassium of well con- 
trolled diabetics fall within normal limits. . 
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Thiamine Excretion in Human Subjects. By MarGarer Cam- 
MACK Situ, Louise Orts, AND Harry Specror. From the 
Department of Human Nutrition, Arizona Agricultural Experi- 
ment Station, Tucson 
The urinary excretion of thiamine by adult subjects under differ- 

ent conditions of dietary intake of vitamin B,; has been measured 
over a period of months. The response of these subjects to a test 
dose of crystalline thiamine chloride has been studied for the pur- 
pose of developing a test which would serve as a measure of dietary 
adequacy in this vitamin. 

The excretion of thiamine in a 4 hour test period from 8.00 a.m. 
to 12.00 noon after a standard breakfast has been found to be re- 
markably constant for each individual and to be but little affected 
by customary variations in the dietary intake of the preceding day, 
even though such variation were observed to cause decided differ- 
ences in the 24 hour output. The percentage excretion of a test 
dose of thiamine given with the breakfast varied with the size of 
the dose administered and also with the vitamin B, status of the 
individual. 

All urinary thiamine measurements were made by the thio- 
chrome procedure, with the Pfaltz and Bauer photoelectric cell to 
measure the fluorescence. 


The Production of Hydrogen Sulfide from Cysteine by Rat Liver. 
By C. V. Smyrue. From the Department of Chemistry, Uni- 
versity of Pittsburgh, Pittsburgh 
The addition of cysteine to slices of rat liver or to homogenized 

rat liver was found to result in the production of H.S. Heating 

the homogenized liver to 100° for 5 minutes or the addition of 

0.01 m KCN caused abolition of the H,S production. Anaerobic 

conditions favored the formation of H,S. The only known pre- 

vious work indicating such a reaction in mammalian tissue is that 
of Fromagoet, Wookey, and Chaix* who reported such a reaction 
in dog liver. The present work has demonstrated that livers of 
rat, dog, rabbit, beef, pork, human, and guinea pig all can produce 

HS from cysteine to some extent. Of this group rat liver was 

most active. Guinea pig liver had only very slight activity. 
The H.S produced could be determined quantitatively in the 


“Fromageot, Wookey, and Chaix, Compt. rend. Acad., 209, 1019 (1939). 
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usual Warburg vessels by placing cadmium acetate in the inset and 
titrating this solution iodometrically at the end of the experiment. 
The HS produced was always less than equivalent to the cysteine 
added or to the cysteine that actually disappeared. Some cystine 
was always formed, even under anaerobic conditions. 

The enzyme concerned could be extracted from rat liver by saline 
or water. It did not dialyze through cellophane and was pre- 
cipitable by ammonium sulfate and by acetone or alcohol. Its 
optimum activity was at pH 7.6. A well dialyzed enzyme prepara- 
tion produced HS from cysteine without the addition of any other 
substance. Neither H.S nor any iodine-titratable substance was 
produced from methionine or glutathione. 


A Microbiological Assay for Nicotinic Acid. By Esmonp E. SNELL 
AND LemuEL D. Wricur. From the Department of Chemistry 
and the Biochemical Institute, University of Texas, Austin 
In a nicotinic acid-free medium adequately supplied with other 

growth essentials, the amount of lactic acid produced by Lacto- 

bacillus arabinosus 17-5 is proportional to added nicotinic acid in 
the range 0.002 to 0.04 y per cc. of culture medium. Test solu- 
tions are added to the basal medium, the tubes sterilized, inocu- 
lated, and the cultures titrated after 3 days incubation at 30°. 

The nicotinic acid content of extracts is determined by comparing 

the acid produced in their presence with analogous results on pure 

nicotinic acid. 

The ground sample of tissue, foodstuff, or other material is pre- 
pared for analysis by autoclaving at 15 pounds pressure for $ hour 
with water and centrifuging. Reliability of assay results is indi- 
cated by agreement of assay values at different dosage levels, and 
by satisfactory recoveries of added nicotinic acid. Nicotinic acid 
and nicotinamide have equal activities; trigonelline is inactive. 

The method has some advantages over existing chemical meth- 
ods. No decolorization of extracts with attendant losses of nico- 
tinic acid is required. Slight turbidity of the sample does not 
interfere. The sensitivity is markedly greater than that of chemi- 
cal methods; assays of several levels are obtainable with samples 
containing only 1 y or less of nicotinic acid. Chromogens en- 
countered by chemical assay in grains are inactive in this test. 

By slightly modifying the basal medium this method may be 
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used as an acidimetric assay for biotin, and as an alternate assay 
method for pantothenic acid. Its application to these uses has 
not been extensively investigated. 


The Effects of Fasting and of a Magnesium-Deficient Diet on the 
Serum Magnesium and Serum Phosphatase Activity in the Al- 
bino Rat. By F. H. Snyper anp W. R. Tweepy. From the 
Department of Biological Chemistry, Loyola University School of 
Medicine, Chicago 
The drop in serum magnesium during magnesium deprivation, 

reported by other workers, has been found to be accompanied by 
a marked decrease in serum “alkaline’”’ phosphatase activity. In 
thirty animals, ranging in age from 25 to 48 days, the average 
phosphatase value from the 5th to the 29th day on the deficient 
diet* was 29.4 Bodansky units per 100 ce. of serum. Twenty-two 
litter mates on the control diet (50 mg. of Mg per 100 gm. of food) 
gave a mean level of 45.6 units per 100 ce. of serum. Under the 
above conditions, serum magnesium values fell from 2.4 mg. per 
cent in the control animals to 1.1 mg. per cent in rats on the defi- 
cient diet. 

The decrease in phosphatase activity following a 48 hour fast, 
also previously reported, has been confirmed. An average value 
of 18.6 units per 100 ec. of serum was found for fasting rats (132 
to 186 days of age), while litter mates on a Purina Fox Chow diet 
gave a mean value of 46.1 units. Under these conditions, how- 
ever, serum magnesium values remained constant, with a mean 
value of 3.12 mg. per cent for the fasting animals and 3.10 mg. per 
cent for the fed controls. 


Influence of Calcium, Phosphorus, and Vitamin D on Lead in Blood 
and Bone during Deleading. By Apert Soper, HENRY 
YuskKa, AND BenyamMtn Kramer. From the Pediatric Research 
Laboratory and Division of Biochemistry, The Jewish Hospital 
of Brooklyn, New York 
A group of 84 young rats, 23 to 25 days old (albinos of an original 

Wistar strain raised on a Bills stock diet) were placed on a diet 

containing lead (0.82 per cent) for 29 days. At the end of that 


* Kruse, H. D., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 
96, 519 (1932). 
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time the various litters were divided into three equal groups and 
placed on lead-free diets. Group A received the low calcium (0.4 
per cent) and low phosphorus diet (0.25 per cent); Group B re- 
ceived the high calcium (1.35 per cent) and low phosphorus diet 
(0.25 per cent); Group C received the low calcium (0.4 per cent) 
and high phosphorus diet (1.00 per cent). One-half of each group 
received 100 1.u. of vitamin D daily in addition to one of the above 
diets. At the end of 21 days the animals were sacrificed and the 
lead in blood and bone was determined. 

The highest blood lead values were found in Group B (high Ca 
diet), the lowest in Group C (high phosphorus diet). Vitamin D 
caused a decrease in the blood lead of all groups. This was espe- 
cially marked in Group B in which the blood lead was highest. 
This behavior of vitamin D is in contrast to its action during the 
dietary administration of lead when it causes an increase of blood 
lead on some diets, but at no time a decrease. * 

The retention of lead in the bones was significantly lower in the 
high calcium group than in the high phosphorus group. Vitamin 
D caused a significantly higher retention of the bone lead in Group 
B (high Ca group). 

In considering the biochemical behavior of lead during delead- 
ing, both calcium and phosphorus as well as vitamin D must be 
taken into account. 


Cholesterol Metabolism during Autolysis of Liver. By WARREN 
M. Sperry AND FLorENCE C. BRAND. From the Departments 
of Biochemistry, the New York State Psychiatric Institute and 
Hospital and the College of Physicians and Surgeons, Columbia 
University, New York 
During our study of cholesterol esterase in liver and brain the 

incidental observation was made that a marked increase in the per- 

centage of total cholesterol in dry tissue occurs during incubation 
of liver slices. An investigation of the effect has revealed that, 
although a large part of the tissue may be digested away during 
autolysis of liver, most or all of the cholesterol originally present 
is retained. For example in one experiment a piece of liver having 
a dry weight of 249 mg. and a cholesterol content of 2.24 mg. was 


* Sobel, A. E., Yuska, H., Peters, D. D., and Kramer, B., J. Biol. Chem., 
132, 239 (1940). 
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incubated under sterile conditions for 4 days. The dry weight was 
then 159 mg. (decrease 36 per cent) and the cholesterol content 
2.18 mg. (decrease 3 per cent). In many such experiments in 
which liver was allowed to autolyze under various conditions in 
vitro and in vivo a similar result was always obtained. On incuba- 
tion under various solutions much larger decreases in dry weight, 
up to 60 per cent, occurred without appreciable loss of cholesterol. 
During incubation of liver in cholesterol emulsions or serum there 
was a small increase of questionable significance in the cholesterol 
content. The mechanism of the effect will be discussed in relation 
to the function of cholesterol in liver and to histological studies of 
autolyzing liver, being carried out by Dr. Wilfred Copenhaver. 


X-Ray Studies of Derivatives from Lipids of Tubercle Bacilli. By 
Mona Sprecet-ApotF* anp GrorGe C. Henny. From the 
Department of Colloid Chemistry, D. J. McCarthy Foundation 
and the Department of Physics, Temple University School of Medi- 
cine, Philadelphia 
X-ray diffraction patterns of phosphatides have given us infor- 

mation of physicochemical changes. The following x-ray diffrac- 

tion studies on chemically well defined derivatives from lipids of 
tubercle bacilli were made in order to add new evidence as to 
existing differences or similarities of some of the derivatives. Con- 
versely the use of exactly analyzed chemical compounds seems 
promising for a better understanding of x-ray diffraction patterns. 

Avian a- and 8-mycolic acid, acids CosHsO2 and Co4H4s02 ob- 
tained on pyrolysis from avian a-mycolic and 8-mycolic acids, 
respectively, CogHygO2 derived through pyrolysis from avian fil- 
trable hydroxy acid, d-eicosanol-2 ,2-eicosanone, and phthiocerol 
were made available to us through the kindness of Professor R. J. 
Anderson of Yale University. 

A study of the x-ray diffraction patterns of the powdered sub- 
stances show for avian a- and 8-mycolic acid spacings at 3.97, 4.58 
and 2.22, 2.60, 4.29, 6.28, 14.6 A. respectively. Although chemi- 
cally different and showing branched chains, C2;HO2 and Co4H 02 
have identical spacings, while the derivative of avian §-mycolic 
acid, which has a normal chain, does not show a spacing corre- 


* Aided by a grant from the National Research Councii Committee on 
Radiation. 
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sponding to 11.70 A. d-Eicosanol-2 and 2-eicosanone have in 
their x-ray diffraction patterns three spacings in common. The 
rings corresponding to a spacing of 15.46 A. are faint in both. 
The rings corresponding to spacings of 3.72 and 4.45 A. are strong 
in d-eicosanol-2, but they are faint in 2-eicosanone, indicating 
some kind of incomplete rearrangement of the diffracting groups 
caused by oxidation. Phthiocerol gives an elaborate diffraction 
pattern, with main spacings at 3.82, 4.17, 4.59 A. 


X-Ray Studies of Lipid Denaturation. By Mona Sprece.- 
Apo_r* AND GrorGe C. Henny. From the Department of 
Colloid Chemistry, D. J. McCarthy Foundation and the Depart- 
ment of Physics, Temple University School of Medicine, Phila- 
delphia 
Changes in solubility of phosphatides are well known to the 

biologist (Hansteen-Cranner), changes in protective power to the 
colloid chemist (Spiegel-Adolf), although physicochemical analysis 
of basic facts is still lacking. Since cephalin and lecithin show 
x-ray diffraction patterns, we tried to correlate physicochemical 
changes in the lipids to possible differences of their diffraction 
patterns. 

In lecithin preparations from human brain the progress of puri- 
fication can be observed in concomitant changes of the x-ray 
diffraction patterns. 

Cephalin from soy beans shows two rings of 27.5 and 45 mm. 
diameter. The first is a diffuse band, the second a sharp line. No 
changes are shown upon drying of the solid substance. After 
boiling in watery solution, which does not change the optical prop- 
erties, the larger ring disappears. When a cephalin solution is 
brought to isoelectric reaction, heat precipitation occurs in the 
presence of neutral salts. In the x-ray diffraction pattern of a 
dried sample of heat-precipitated cephalin the diffuse ring is split 
up into two sharp lines. When the heat-precipitated cephalin is 
dissolved in alkali subsequent neutralization and dialysis, which 
restores the water solubility and the heat precipitability of cepha- 
lin, the x-ray diffraction pattern returns to its original form. Soy 
bean lecithin under similar treatment regains its water solubility 


* Aided by a grant from the National Research Council Committee on 
Radiation. 
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after removal of the electrolytes and shows no changes in its x-ray 
diffraction pattern. 

Since only cephalin and proteins show heat denaturation and 
both are ampholytes, it is suggested that ampholytic structure of 
the substrate may be one of the basic conditions of heat de- 


naturation. 


Amino Acids in Bacteriophage Production by Susceptible Bacterial 
Cells. By J. Sprzizen. From the William G. Kerckhoff Labo- 
ratories of the Biological Sciences, California Institute of Tech- 
nology, Pasadena 
Bacteriophage grows when attached to susceptible bacterial 

cells suspended in a nutrient medium capable of supporting growth 
of the bacteria. However, when these cells, with phage attached, 
are suspended in water, there is no phage increase. The material 
requirements for bacteriophage production by bacterial cells are 
distinct from the requirements for bacterial increase. It has been 
found that glycine, hippuric acid, or glycine anhydride permits 
phage increase but does not support significant growth of the sus- 
ceptible bacterium in the absence of bacteriophage. Each of ten 
amino acids and derivatives (glycylglycine, glvcocyamine, sarco- 
sine, alanylglycine, valine, glutamine, lysine, histidine, glutamic 
acid, aspartic acid) supported limited bacterial growth and phage 
growth, but other substances (glucose, hippurylglycine, sarcosine 
anhydride, alanine, diglycylglycine, glutathiong, creatine, betaine 
hydrochloride, arginine, leucine, serine, cystine, methionine, iso- 
leucine, asparagine) were not sufficient either for bacterial or for 
phage increase. 

Under suitable conditions phage production by susceptible cells 
suspended in glycine anhydride follows a course very similar to the 
phage growth in the same cells actively growing in broth. In 
glycine anhydride, however, the latent period is longer and the 
step size is influenced by the concentration of bacterial host cells. 


The Selective Combination of Wool Protein with Acids in Mix- 
tures. By Jactnro Srernnarptr. From the Research Labora- 
tory of the Textile Foundation, National Bureau of Standards, 


Washington 
It has been previously shown that the combination of strong 
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acids with both undissolved and dissolved proteins involves the 
reversible association of protein with anions as well as with hy- 
drogen ions. Thus, the titration curves of both wool protein and 
egg albumin obtained with different strong acids, or in the presence 
of different concentrations of the corresponding anions, show large 
systematic differences. It is now shown that the relative amounts 
of each of pairs of strong acids which are combined with wool at 
equilibrium with mixtures depart widely from direct propor- 
tionality to the ratio of their respective concentrations. The 
amounts of each combined over a wide range of pH and relative 
concentrations are in quantitative agreement with the dissociation 
constants of the corresponding protein-anion combinations calcu- 
lated from the titration curves of wool with each acid alone. Mix- 
tures of an acid dye (of high affinity) with common mineral or 
simple organic sulfonic acids (of low or moderate affinity) have been 
employed. Since analysis of the data necessarily involves a de- 
tailed description of the titration curves as a whole rather than 
merely of their respective positions with respect to pH, as in 
previous work, the resulting agreement provides further support 
for the conclusions presented earlier. 

Detailed examples are given of the application of these measure- 
ments to systems of practical interest in which a given acid exerts 
an influence on the extent and rate of combination of a second acid 
with protein. 


The Metabolism of S-Benzyl Derivatives of |-Thiolactic Acid and 
dl-a-Hydroxy-y-Thiobutyric Acid in the Rat. By Jaxop A. 
Srexot. From the Department of Chemistry, Fordham Uni- 
versity, New York 
dl-S-Benzylhomocysteine was prepared by benzylation of the re- 

duction product of dl-methionine with sodium in liquid ammonia. 

As far as we know, the demethylation of methionine to homocys- 

teine with sodium in liquid ammonia has not been reported pre- 

viously. dl-S-Benzyl-N-dibenzylhomocysteine was also prepared 
from dl-methionine by benzylation of its reduction product in 
liquid ammonia, with excess sodium. 

I-S-Benzylthiolactic acid and dl-S-benzyl-a-hydroxy-y-thiobu- 
tyric acid were prepared from the benzyl derivatives of 1(+)- 
cysteine and dl-homocysteine respectively and fed with food to 
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adult rats. Only the unchanged acids were isolated in good yields 
from the urine. The results can be summarized as follows: 

1. The benzyl radical can be introduced into the a-amino group 
of thiol amino acids, with the sodium-liquid ammonia technique; 
the possibility of preparing N-dimethylmethionine by this tech- 
nique is indicated. 

2. The hydroxy acids corresponding to benzyl derivatives of 
cysteine and homocysteine are not oxidized to the corresponding 
keto acids; neither are they converted to the respective amino 
acids in the rat. 

3. Growth studies on cystine-deficient rats showed that a,a- 
dihydroxy-8 ,6-dithiopropionic acid cannot replace cystine, while 
a-hydroxy~y-methiobutyric acid can apparently do so. Our data 
offer support to the suggestion made previously* that the growth 
stimulation of cystine-deficient rats by a-hydroxy-y-methiobutyric 
acid is not necessarily an indication of its conversion in vivo to 
homocysteine or methionine. 


The Selenium Content of “Normal” Urine. By James H. 
STERNER AND VIOLA LipFeLtpr. From the Laboratory of In- 
dustrial Medicine, Eastman Kodak Company, Rochester, New 
York 
In the control of industrial exposures to selenium, in which ap- 

preciable absorption and excretion of selenium had been demon- 
strated, it was essential to determine if selenium could be found 
in the urine of individuals with no known exposure. Recent ref- 
erences state that “normal” urine contains no selenium and imply 
that if selenium is found, it indicates industrial absorption. 

In a preliminary survey, random specimens of urine collected for 
routine medical urinalyses from 60 male industrial employees in 
an area with no known seleniferous soil and no other known 
selenium exposure were analyzed for selenium. Over 70 per cent 
of the specimens contained selenium, varying from a trace (1 to 2 y) 
to 25 y per 100 ml. of urine. 

Four consecutive first morning specimens of urine were collected 
from each of ten male employees with no known selenium exposure. 
These were analyzed by the electrotitrimetric method of Werni- 
mont and Hopkinson. Every specimen contained selenium, 


* Brand, E., Block, R. J., and Cahill, G. F., J. Biol. Chem., 119, 681 
(1937). 
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amounts ranging from 1 to 16 y per 100 ml. of urine, with 50 per 


cent of the samples containing more than 5 y per 100 ml. These 
data indicate a urinary selenium excretion of 20 to 100 y per day 
in these individuals. 

Wheat products were suspected as the source of this “normal” 
selenium. One specimen of white bread contained 28 y of selenium 
per 100 gm. of bread (dry weight) and a sample of cracked wheat 
bread contained 36 y selenium per 100 gm. 


The Metabolic Relations of Choline and Ethanolamine Investi- 
gated with Isotopic Nitrogen. By DeWirrSrerren, Jr. From 
the Department of Biochemistry, College of Physicians and Sur- 
geons, Columbia University, New York 
Ethanolamine, choline, glycine, betaine, and ammonia contain- 

ing an excess of N' have been fed to adult rats on normal diets 

adequately supplied with protein, with the intention of deter- 
mining the metabolic interrelationships, precursors, and degrada- 
tion products of certain of the phosphatide bases. After 3 days of 
such feeding, the animals were killed, and samples of pure ethanol- 
amine and choline were isolated from the body phosphatides. 

These as well as glycine and glutamic acid from the proteins and 

urea and ammonia from the urine were subjected to isotope 

analysis. 

The ethanolamine and choline of the diet were found to be 
rapidly taken up and incorporated as such in the body phospha- 
tides. On the diet employed, considerable conversion of ethanol- 
amine to choline occurred in vivo, but the reverse reaction occurred 
little if at all. Evidence was found to support the belief that 
glycine is one of the biological precursors of ethanolamine. The 
oxidation of ethanolamine to glycine, on the other hand, did not 
occur to any appreciable extent. Betaine, when fed, was rapidly 
demethylated to glycine, very little isotope being found in the 
phosphatide choline. This latter finding is interpreted to mean 
that the lipotropic activity of betaine, analogous to that of methio- 
nine, results chiefly from its activity as a methyl donor and not 
from its direct reduction to choline. 


A Comparison of the Inhibitions Produced by Certain Narcotics 
and by Indole on Brain Oxidation Systems. By ELMer Srorz 
AND M. C. Hurcutnson. From the Biochemical Laboratory of 
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the McLean Hospital, Waverley, and the Department of Bio- 

logical Chemistry, Harvard Medical School, Boston 

The action of several barbiturates (morphine, scopolamine, ben- 
zedrine, atropine, indole, and skatole) on the respiration of suspen- 
sions of brain in vitro has been studied. By utilizing the three 
different methods of expressing the inhibition, namely (a) the per 
cent inhibition without added substrate, (b) that in the presence of 
the added substrate, and (c) that “of the extra O2 consumption” 
produced by the added substrate, a differential action of these in- 
hibitors was noted. The barbiturates inhibited the anaerobic pro- 
duction of lactic acid as well as the aerobic oxidation of both lactate 
and pyruvate, while indole and skatole, although powerful in- 
hibitors of brain respiration, have no effect on these systems. 
These manometric observations have been confirmed by lactic and 
pyruvic acid analysis. These facts suggest the existence of a new, 
as yet undefined, pathway of carbohydrate metabolism for which 
indole and skatole appear to be specific inhibitors. 


Distribution and Stability of Riboflavin and Pantothenic Acid in 
Biological Materials. By F. M. Srrone, ANN EARLE, AND B. 
ZeMAN. From the Department of Biochemistry, University of 
Wisconsin, Madison 
Riboflavin and pantothenic acid have been determined in the 

present work by recently developed and improved microbiological 
assay methods which utilize Lactobacillus casei € as the test organ- 
ism. A survey has been made of the distribution of these vitamins 
in approximately forty-five fruits and vegetables, forty cereals and 
cereal products, fifteen dairy products, and some twenty other 
miscellaneous materials. In general milled cereals, non-leafy vege- 
tables, and fruits are poor sources, while leafy vegetables, cereal 
brans, dairy products, and eggs contribute significant amounts to 
the diet. Pantothenic acid appears to be somewhat more abun- 
dant than riboflavin in many biological materials. 

A study of the destruction of riboflavin and pantothenic acid on 
storage, cooking, and preservation of foods and feeds has also been 
undertaken. To date no considerable loss of riboflavin under the 
above conditions has been encountered. Surprisingly little is re- 
moved by boiling vegetables in water. Pantothenic acid has been 
less extensively studied, but it also does not seem to be extensively 
destroyed during cooking of foods. 
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The Cystine Content of Crystalline Pepsin. By M. X. SuLLIVAN 
AND MELVIN GoLpBEeRG. From the Chemistry Department, 
Graduate School, Georgetown University, Washington 
In continuation of previous work of Sullivan and Hess who es- 

timated the cystine content of a number of enzymes and hormones 

(unpublished data) determination was made of the cystine content 

of crystalline pepsin (crystallized from Cudahy’s soluble spongy 

pepsin 1:10,000 by the methods of Northrop and of Philpot). 

For activity determinations, use was made of the hemoglobin 

method of Anson and Mirsky. For hydrolysis of the pepsin, HC] 

and HCI-HCOOH were used and the cystine was determined by 
the Sullivan, the Okuda, and the Folin-Marenzi cystine methods. 

The Okuda and the Folin methods gave values higher than indi- 

cated by the total sulfur, while values by the Sullivan method were 

slightly lower than the total sulfur. The purer the pepsin, the 
greater was the activity and the greater was the cystine content. 

The pepsins prepared by the Northrop and the Philpot methods 

are relatively identical with a cystine content by the Sullivan 

method of 1.4 to 1.5 per cent. No difference was found in results 
between hydrolysis with HCl and with HCI-HCOOH. 


Estimation of Total Base in Serum by Means of Measurements of 
Conductivity and Specific Gravity. By F. Wim.L1AM SuNDER- 
MAN. From the Department of Research Medicine and the William 
Pepper Laboratory of Clinical Medicine, University of Penn- 
sylvania, Philadelphia 
Analyses of the [total base] in serum were correlated with meas- 

urements of the conductivity and specific gravity of the serum. 

The conductivity measurements were made by means of a modified 

“sugar-ash”’ bridge with a 60 cycle, 110 volt alternating current 

and a special type of pipette cell. From a statistical analysis of 

the three variates by partial regression the following formula was 

derived: Total base/m.eq. per liter = 8.62 SpC + 0.06 G + 27.26, 

where SpC represents the specific conductivity and G is equal to 

(specific gravity 20°/20° — 1.0000) 10+. 

The standard deviation of the percentage differences between 
the calculated and analyzed values for total base in serum calcu- 
lated from forty-six observations is 1.9. The method is so simple 
and economical of both time and material that it would seem to 
afford a method of choice for clinical studies. 


| | 
| 
| 
| 


CXXX Scientific Proceedings. XXXYV 


Suggestive Evidence for the Existence of a New Factor Essential 
for Lactation. By Barnerr Sure. From the Department of 
Agricultural Chemistry, University of Arkansas, Fayetteville 
Starting with albino rats from weaning, excellent growth was 

obtained with daily doses of 20 y of thiamine, 20 y of riboflavin, 
20 y of pyridoxine, 100 y of calcium pantothenate, 6 mg. of choline, 
and an extract of factor W from 0.2 gm. of liver extracts (Wilson). 
Vitamins A, D, and K were amply provided. The ration supplied 
nicotinic acid and vitamin E, also enough cystine for lactation. 
During pregnancy choline was increased to 9 mg. daily and the 
rest of the components to 2} times that given during growth. 
Healthy litters were born but lactation was a complete failure, even 
after increasing the daily doses to 120 y of thiamine, 120 y of ribo- 
flavin, 120 y of pyridoxine, 15 mg. of choline, 600 y of calcium 
pantothenate, and factor W from 1 gm. of liver extracts. Appar- 
ently some dietary factor was missing that is essential for lactation, 
The missing factor was found in rice polishings, defatted wheat 
embryo, and brewers’ yeast, but most abundant in liver and rice 
bran extracts. When either 1 gm. of liver extracts or 1 gm. of rice 
bran extracts was supplied early in pregnancy, lactating females 
successfully reared their young. Judging by its distribution, it 
appears that the lactation factor may be a component of the vita- 
min B complex. Experiments are in progress to determine the 
nature of this dietary essential. 


Nitrogen Metabolism in Thiamine, Riboflavin, and Pyridoxine 
Deficiencies. By BArNerr Sure anp ZeNAs Forp, Jr. From 
the Department of Agricultural Chemistry, University of Arkan- 
sas, Fayetteville 
Nitrogen partition in the urine was studied in thiamine, ribo- 

flavin, and pyridoxine deficiencies according to procedures de- 

scribed in a forthcoming publication.* The plane of nutrition was 
controlled by the paired feeding method of experimentation, so 
that the influence of food intake on exogenous metabolism was 
eliminated. The numbers of pairs of animals used and the average 
duration of the metabolism periods were as follows: thiamine 
deficiency, thirteen pairs and 14 days; riboflavin deficiency, four 


* Sure, B., Ford, Z., Theis, R. M., and Goldfischer, M., Endocrinology, 
in press. 


4 
q 
| 
13 
q 
| 
> 


Society of Biological Chemists CXXX1 


pairs and 31 days; and pyridoxine deficiency, nine pairs and 24 
days. The following marked changes were found and are ex- 
pressed as per cent of the total nitrogen excreted. 

Thiamine deficiency: ammonia nitrogen, p.t 6.16, c.¢ 2.85; al- 
lantoin nitrogen, p. 10.8, c. 13.0; preformed creatinine nitrogen, 
p. 2.1, e. 1.2; creatine nitrogen, p. 1.2,¢.0.9. Riboflavin deficiency: 
ammonia nitrogen, p. 5.82, c. 4.12; creatine nitrogen, p. 0.76, 
ce. 1.02. Pyridoxine deficiency: uric acid nitrogen, p. 0.43, c. 0.53, 
There was also found a 30 to 40 per cent increase in blood creatine 
in this deficiency. 


The Gastric Ulcer-Producing Property of Choline and Acetyl- 
choline. By Surro Tasuiro. From the Department of Biologi- 
cal Chemistry, Medical College, University of Cincinnati, 
Cincinnati 
Prodacryorrhetin has the power to produce an ulceration in the 

stomachs of guinea pigs but has no chromodacryorrhetic power 
(shedding of bloody tears by rat), while dacryorrhetin can cause 
both ulceration and chromodderyorrhea. These substances were 
prepared from muscle. Similar properties of a few biologically 
significant organic bases are reported here, the results being ex- 
pressed on the basis of 100 gm. of body weight, after an intraperi- 
toneal injection of the following. 

Choline Hydrochloride—When 35*mg. or more were injected, an 
ulcer was produced in the stomach and the animal died with in- 
farcts in the lung. The substance had no chromodacryorrhetic 
power. 

Acetylcholine Iodide—Except in rare cases, it produced no ulcer 
in normal guinea pigs, but with eserinized animals (50 y of the 
sulfate), 1 mg. was enough to produce the ulcer. Its chromo- 
dacryorrhetic dosage was 2 mg. for the normal rat and 50 y for 
the eserinized rats. 

Carnitine hydrochloride produced no ulcer nor chromo- 
dacryorrhea. 

Carbamylcholine—The chromodacryorrhetic dose (determined 
by Miss Badger) was 10 to 15 y and the ulcer-producing dosage 
was 30 y. 

t p. indicates the pathological or vitamin-deficient animals; c. indicates 
the control animals. 
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In spite of the fact that the physiological properties of proda- 
cryorrhetin resemble those of choline, and those of dacryorrhetin 
resemble those of carbamylcholine, we have so far no conclusive 
evidence for their identities, especially in view of the fact that the 
reineckate salt of the purest dacryorrhetin so far prepared from 
dogfish muscle was about 30 times less active than that of carbamyl] 
reineckate. 


The Mean Molecular Weights of the Total Proteins in Blood 
Plasma and in Synthetic Mixtures. By Henry LoNGsrrerr 
TAYLoR AND ANncEL Keys. From the Laboratory of Physi- 
ological Hygiene, University of Minnesota, Minneapolis 
The mean molecular weights of the mixed proteins in bovine 

and in normal and pathological human blood plasmas were de- 

termined by the multiple osmometer technique with extrapolation 
of P/C to zero concentration (Adair). Theoretical mean molec- 
ular weights were calculated by Dalton’s law of partial pressures 
from A/G (Howe’s method) and the molecular weights of the 
separated individual proteins. The'latter, estimated by the same 

method, were as follows: albumin = 70,000, globulin = 170,000. 

The observed mean molecular weight was less and the osmotic 

pressure was greater than predicted. The magnitude of this 

deviation was inversely proportional to A/G. Similar but larger 
systematic discrepancies were*found with synthetic mixtures of 
separated albumin and globulin where the prediction error, as 
percentage of observed molecular weight was 21.7 at A/G = 

0.47 and 31.0 at A/G = 0.1. These results are in harmony with 

a reversible dissociation of globulin in the presence of albumin. 

The equation (Keys) 


conc. A conc. G 
mol. mol. wt.g¢ 


C.0.P. = 


where #,, an activity factor dependent on total concentration, 
holds in plasma for concentrations up to 4 per cent of total protein 
and A/G from 0.5 to 2.2. In synthetic mixtures and in plasmas 
of more abnormal A/G the relationship is more seriously disturbed 
by the interaction between albumin and globulin. 
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The Diffusible Serum Calcium in Normal Individuals and in 
Hypoparathyroid Patients Treated with Parathormone, Dihy- 
drotachysterol, and Vitamin D. By W. R. Topp. From the 
Department of Biochemistry, University of Oregon Medical 
School, Portland 
A high pressure apparatus has been developed for the rapid 

production of protein-free ultrafiltrates from blood serum. With 

200 pounds pressure and du Pont cellophane No. 300 as membrane, 

2.5 ml. of ultrafiltrate are obtained in about 20 minutes from 6 

ml. of serum. The gas used to develop the pressure does not 

contact the serum but forces a heavy rubber diaphragm onto it. 
In the sera from thirty-two normal adults and from eight normal 

children the diffusible calcium averaged 5.1 mg. and 5.2 mg. per 

100 ml. of ultrafiltrate respectively. The ranges were 4.7 to 5.6 

mg. and 4.9 to 5.4 mg. for adults and children respectively. The 

diffusible calcium averaged 47 per cent of the total serum calcium 
in both groups. Considering all forty cases together, 50 per cent 
showed a diffusible calcium of from 5.0 to 5.2 mg. and 70 per cent 
from 4.9 to 5.3 mg. per 100 ml. of ultrafiltrate. These figures are 
in good agreement with those obtained by more tedious methods. 

Several hypoparathyroid patients have been followed over a 
number of months during periods of treatment with dihydro- 
tachysterol, vitamin D, or parathormone. When the patients 
were symptom-free, the diffusible serum calcium was near normal 
or slightly elevated. When tetany symptoms were present, the 
values were invariably low. On several occasions figures as low 
as 3 mg. of diffusible calcium per 100 ml. of ultrafiltrate were 
obtained. 

Other diffusible ions are being studied in these ultrafiltrates. 


Preparation of the O-Acetyl Derivatives of Hydroxyamino Acids 
and the Determination of Hydroxy Groups in Amino Acids. 
By Gerrit Torsnnies, WARwicK SAKAMI, AND JOSEPH J. 
Kors. From the Lankenau Hospital Research Institute, 
Philadelphia 
Available data suggest that in the formation of N-acetyl deriva- 

tives from amino acids by acetic anhydride the amino group reacts 

in the —NH, form. In accordance with this view it was found 
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that in an acetic acid medium the acetylation is almost completely 
supressed when, by addition of perchloric acid, the amino acid is 
converted into the R(COOH)NH;+ form. However, acetylation 
of hydroxy groups (in water, alcohols, phenols) is known to be 
strongly promoted by acid conditions. The same was found to 
hold true for the —-OH groups of the hydroxyamino acids serine, 
threonine, tyrosine, hydroxyproline. When dissolved in acetic 
acid as perchlorates in the presence of excess perchloric acid, they 
react rapidly with acetic anhydride to form their O-acety! deriva- 
tives. As typical amino acids these can be isolated by precipita- 
tion with organic solvents after neutralization of the perchloric 
acid by an organic base. 

The course of the O-acetylation can be followed by determina- 
tion of the unused acetic anhydride. When samples of the reac- 
tion mixture are added to an excess of anthranilic acid, the avail- 
able acetic anhydride will react with the available amino groups 
to form N-acetyl derivatives. The fact that the derivatives have 
insignificant basic properties in acetic acid, while the original amino 
groups can be sharply titrated by acetous perchloric acid, permits 
an acidimetric determination of the N-acetylation; 7.e., of available 
acetic anhydride. These principles form the basis for the proposed 
method for the determination of hydroxy groups in amino acids. 


Cataract and Other Ocular Changes Resulting from Tryptophane 
Deficiency. By Jonn R. Torrer anp Paut L. Day. From 
the Department of Physiological Chemistry, School of Medicine, 
University of Arkansas, Little Rock 
Young rats immediately after weaning were given a tryptophane- 

deficient diet consisting of acid-hydrolyzed casein 14.7, cystine 

0.3, sucrose 15, corn-starch 42, agar 2, cod liver oil 5, hydro- 

genated cottonseed oil 19, and salt mixture* 2 per cent. Controls 

received 0.1 or 0.2 per cent tryptophane mixed with this basal 
diet. The B vitamins were furnished by a separate supplement 
of 250 mg. of Harris yeast vitamin given daily to each rat. 

At intervals of approximately 1 week the pupils of control and 
experimental animals were dilated with 0.5 per cent atropine 
sulfate solution and examined with an ophthalmoscope. Cataract 


* Hubbell, R. B., Mendel, L. B., and Wakeman, A. J., J. Nutrition, 14, 
273 (1937). 
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developed in both lenses of every animal receiving the deficient 
diet, except in the few that died or were sacrificed during the first 
4 weeks of the experiment. In addition, some animals developed 
a keratitis with vascularity of the cornea; a few also exhibited a 
generalized ophthalmia. Usually the lens changes were clearly 
visible in 5 to 8 weeks. The cataract in about half of the animals 
progressed to maturity within 11 weeks. Similar results were ob- 
tained with a diet in which zein was substituted for hydrolyzed 
casein. The feeding of 120 y of riboflavin weekly to certain of the 
deficient animals failed to alter significantly the nature of the 
deficiency manifestations. 

As seen with the ophthalmoscope, this cataract can be distin- 
guished from cataract produced by feeding galactose or xylose, 
as well as that resulting from riboflavin deficiency. 

No changes were observed in the eyes of the controls receiving 
tryptophane, even when their diet intake was restricted to that 
of the deficient animals. 


On the Fate of Carbon Dioxide in the Animal Body. By Brrerr 
VENNESLAND, A. K. SoLtomon, FriepRicH W. KLEMPERER, 
AND A. Batrp Hasrineas. From the Mallinckrodt Chemical 
Laboratory, Harvard University, Cambridge, and the Department 
of Biological Chemistry, Harvard Medical School, Boston 
The administration of radioactive carbon (C") as NaHCO; to 

rats, fed sodium lactate by mouth, results in the appearance of 
radioactivity in the glycogen of liver. These results are compared 
with other experiments in which lactic acid containing radioactive 
carbon is administered. The implication of these experiments for 
the metabolism of carbon compounds in mammalian tissue is 
discussed. 


The Reduction of Methemoglobin by Ascorbic Acid. By Car. 
S. Vesriinc. From the Division of Biochemistry, Noyes 
Laboratory of Chemistry, University of Illinois, Urbana 
In connection with a study of heme-protein combination, it has 

become desirable to reduce methemoglobin quantitatively in 

neutral aqueous solution with a reducing system, the oxidation 
products of which do not interfere with the visible absorption or 
the oxygen capacity of the resulting oxyhemoglobin. Although 
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the oxidation-reduction potentials at pH 7 indicate only a very 
slight interaction between ascorbic acid and methemoglobin, the 
rapid disappearance of dehydroascorbic acid from the system at 
that pH allows the reaction to proceed. 

Analyzed solutions of crystalline oxyhemoglobin were carefully 
oxidized to methemoglobin with potassium ferricyanide. Oxygen 
capacity determinations indicated 97 to 100 per cent conversion to 
methemoglobin. Methemoglobin was then treated at 0° with twice 
the calculated amount of ascorbic acid freshly dissolved in phos- 
phate buffer at a resulting pH of 7 (assuming a molecular weight 
of 68,000 and 4 iron atoms per molecule for methemoglobin). The 
cherry-red color of oxyhemoglobin slowly appeared, and the ab- 
sorption maxima of the resulting solution were identical with 
those of native oxyhemoglobin: I, 530-545 my; II, 570-580 my. 
Controlled oxygen capacity determinations indicated 60 per cent 
reduction within 2 hours and 80 to 90 per cent reduction within 6 
hours. 

Purified soluble horse globin has been coupled with hemin 
chloride to give methemoglobin, which has then been reduced with 
ascorbic acid at pH 7 to yield oxyhemoglobin. Attempts are being 
made to effect a quantitative recombination of hemin with globin 
under conditions which will not lead to protein denaturation. 


Plasmal. By Heinrich Waeruscu. From the Department of 
Biochemistry, New York State Psychiatric Institute and Hospital, 
and the Department of Neurology, College of Physicians and 
Surgeons, Columbia University, New York 
The concentration of aldehydes of higher fatty acids (plasmal) 

in cut sciatic nerves of rats was compared with the concentration 
in intact control nerves. With the method for determination of 
plasmal devised by Feulgen a marked decrease was found in cut 
nerves 1 week after operation. For continuing the study of the 
metabolic fate of plasmal the method of Feulgen has been modified. 
Up to 10 mg. of nervous tissue were ground with carborundum 
and extracted repeatedly with alcohol-ether. The residue of this 
extract was taken up in glacial acetic acid and Schiff reagent was 
added. After development of the color in the ice box overnight 
the colored substances were extracted with purified capryl alcohol 
and measured in a colorimeter. With this procedure low blank 
values were obtained. 
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Lipid Metabolism of Brain during Early Life. By Hxrnricu 
WAELSCH AND WARREN M. Sperry. From the Department of 
Biochemistry, New York State Psychiatric Institute and Hospi- 
tal, and the Departments of Neurology and Biochemistry, College 
of Physicians and Surgeons, Columbia University, New York 
In a previous investigation* the lipid metabolism of brain was 

studied by maintaining rats on a D,O régime for 4 day periods 
between the 15th and 40th days of life. The same procedure has 
now been applied to rats between birth and the 12th day; i.e., 
before the peak of myelination is reached in the brain. The find- 
ings show that from birth to the 12th day of life the brain is at 
least as active as liver in lipid metabolism and thus support 
previous evidence that in early life lipids are synthesized in the 
brain. The proportion of hydrogen atoms derived from body 
water in the unsaponifiable and fatty acid fractions was highest in 
the youngest animals studied (4 days old) and declined steadily 
up to 40 days old; 7.e., through the period of myelination. This 
result is explained by the fact, shown by direct determination of 
the unsaponifiable lipid and fatty acid content of rat brain at 
frequent intervals from birth to 40 days of age, that with increasing 
age the absolute amount of lipids deposited during each 4 day 
period comprises a smaller and smaller proportion of the total 
lipids, even during myelination. Lipids deposited as a result of 
growth of the brain are quantitatively of greater significance than 
lipids deposited in the process of myelination. 


The Distribution of Arginine between Plasma and Cells. By 
C.J. Weser. From the Hixon Laboratory for Medical Research, 
University of Kansas Medical School, Kansas City 
Arginine is determined by the Sakaguchi reaction. Dog plasma 

contains approximately 50 per cent as much arginine as the red 

cells. Plasma contains 2 to 2.5 mg. per cent, and the red cells 

4.5 to 5.5 mg. per cent. Repeated washing of the red cells reduces 

their arginine content 10 per cent. Raising the plasma level by 

the administration of arginine does not appreciably raise the cell 
content. Likewise reduction of the plasma level by glucose 
feeding does not lower the cell values. Plasma analysis gives 


* Waelsch, H., Sperry, W. M., and Stoyanoff, V. A., J. Biol. Chem., 135, 
297 (1940). 
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more accurate information on changes in blood levels of arginine 
following various procedures. 

Human blood cells contain only traces of arginine, as might be 
expected because of their arginase content. However, arginine is 
only slowly permeable into the human red cell. 


The Metabolism of Malaria Parasites. By WriLL1AmM B. Wenpext. 
From the Department of Chemistry, University of Tennessee 
College of Medicine, Memphis 
Red blood corpuscles from rhesus monkeys infected with Plasmo- 

dium knowlesi show rapid oxygen consumption, glucose destruc- 
tion, and acid production. Cells containing the mature forms of 
the parasites are more active than those containing the early ring 
forms. Each of the above metabolic activities is of an entirely 
different order of magnitude from the corresponding slow changes 
in normal erythrocytes. 

Heavily parasitized blood incubated aerobically at 37° may 
destroy glucose at the rate of 150 mg. per cent per hour. Unlike 
normal erythrocytes, parasitized erythrocytes show greater gly- 
colytic activity anaerobically than aerobically. Only a small 
fraction of the glucose which disappears is completely oxidized. 
A considerable part of the sugar is converted to lactic acid. 
Heavily parasitized blood, continuously aerated to remove CO: and 
supply oxygen, may suffer a fall in pH from 8.0 to 6.0 in 2 hours 
of incubation. Respiration and glycolysis of parasitized blood are 
depressed by this fall in pH. Both processes cease at about pH 
5.5. Phosphate is not suitable for maintaining pH because of its 
specific depressing action upon oxygen consumption. Fluoride 
completely inhibits glycolysis and depresses oxygen consumption. 
Maloniec acid is without effect upon respiration. 


The Oxidation of Estrone by Hydrogen Peroxide. By W. W. 
WesTeRFELD. From the Department of Biological Chemistry, 
Harvard Medical School, Boston 
The inactivation of estrone by hydrogen peroxide was studied 

as a possible clue to its metabolic inactivation. In an alkaline 

solution, this oxidation leads to a rupture of Ring D at the carbonyl 

group with the production of a lactone. This lactone (m.p. 335- 

340°) is relatively insoluble in the usual organic solvents, and forms 
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immediately on acidification of the alkaline solution. Its ultra- 
violet absorption spectrum is practically identical with the estrone 
curve. Estrone is 14 times more active in spayed mice than the 
lactone. It does not give a color in either the Kober or Ziramer- 
mann tests. 

The lactone forms a readily soluble monoacetate (m.p. 143.5- 
145°) whose absorption spectrum is essentially identical with the 
curve for estrone acetate. 2 moles of sodium hydroxide are neu- 
tralized by the acetate. All attempts to form a semicarbazone 
derivative were unsuccessful, and reduction with sodium and 
alcohol did not alter the compound. Esterification with methyl 
alcohol and dry hydrochloric acid gave a mixture of halogen and 
hydroxy esters; methylation with dimethyl sulfate gave an alkali- 
soluble monomethy! ether (m.p. 166-168°). 

The evidence thus indicates the accompanying reaction. 


NaOH 
CHs 
CHs 
H Oo 
HH 7 Acid c=0 
C—C—C 
7 HH \ 7 
| ONa | 
NaO N HO-\ 


Purification of the Thyrotropic Hormone of the Anterior Pituitary. 
By ABRAHAM WHITE AND Leon 8. CrereszKo. From the 
Department of Physiological Chemistry, Yale University School 
of Medicine, New Haven 
A procedure previously described * has been used for the prepara- 


* Bonsnes, R. W., and White, A., Endocrinology, 26, 990 (1940). 


ex] Scientific Proceedings. XXXV 


tion of a fraction with marked thyrotropic activity from a saline 
extract of whole, beef pituitary glands. Essentially, this fraction 
represents material precipitated from a saline extract by 75 per 
cent acetone at pH 4.0, after the previous removal of fractions at 
pH 5.5, 4.9, 4.0, and at pH 4.0 with the addition of acetone to a 
concentration of 50 per cent.* Further concentration of thyro- 
tropic activity has been achieved by extraction of the acetone- 
dried fraction with water and treatment of the water solution 
with lead acetate. A 4-fold concentration is effected by this 
procedure. After removal of the lead, the aqueous solution may 
be fractionated with acetone and further concentration of the 
thyrotropic activity obtained. Thyrotropic hormone may be ad- 
sorbed on benzoic acid from aqueous solution; it forms an insoluble 
picrate; and it is not precipitated from dilute solution by sulfo- 
salicylic or trichloroacetic acids. The most active preparation also 
contains gonadotropic and adrenotropic activity (3 day-old chick); 
some separation of the latter from the other two has been ac- 
complished on the basis of differential solubilities of the picrates. 


Partition of Lipids in Brain Tissue. By Haroitp H. WILLIAMs, 
Kaucuer, Harry GALBRAITH, A. SEGALOFF, AND 
W.0O. Netson. From the Research Laboratory of the Children’s 
Fund of Michigan and the Department of Anatomy, Wayne 
University College of Medicine, Detroit 
The tissues of the nervous system are the most highly developed 

and delicately balanced organizations of cells in living organisms. 

More accurate methods for differentiating the lipids in biological 

material have provided means of studying their distribution and 

possible biochemical function. This report presents one phase of 

a study of the lipid distribution in normal living tissues and in like 

tissues from animals subjected to thymus removal or administra- 

tion of thymus preparations. 

The lipid partition was determined for brains of 70 day-old 
normal rats, litter mates which had been thymectomized, and 
others injected with thymocresin and Hanson’s extract. The fresh 
brains were dricd from the frozen state under a vacuum (Cryo- 
chem) and extracted with alcohol-ether (3:1). 

The total lipid content of the brains approximated one-third 
of their dry weight; approximately 60 per cent was phospholipid, 
20 to 25 per cent cholesterol, 10 to 15 per cent cerebroside, and 5 
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to 10 per cent neutral fat (determined by estimation of glycerol). 
The phospholipid was 55 to 60 per cent cephalin, 25 to 30 per cent 
sphingomyelin, and 10 to 15 per cent lecithin. No effect of thy- 
mectomy or injections of thymus extracts on the lipid composi- 
tion was noted. The lipid pattern of the rat brain is similar to 
that of beef brain. 


Acetoacetic Acid Metabolism in Man. By Emanuri WINpDsoR 
AND ALFRED E. Kornter. From the Santa Barbara Cottage 
Hospital and the Sansum Clinic, Santa Barbara 
Acetoacetic acid is utilized fairly rapidly when 10 gm. amounts 

are injected as the neutral salt over a period of 2 hours at constant 

rate. When the inverse of the maximum rise in the blood was 
taken as an index of their utilization, the following metabolites 
injected in the same amount and rate gave these relative values: 

lactic acid 1, pyruvic acid 3, acetoacetic acid 18, and acetone 30. 
The utilization of injected acetoacetic acid as judged from the 

blood values and urinary excretion is approximately the same in 
normal persons as in diabetic subjects in ketosis. Complete con- 
trol of diabetic ketosis with insulin does not appreciably alter the 
utilization factor. Similarly the injection of 100 gm. of glucose 
with the acetoacetic acid into fasting subjects does not affect its 
utilization. 

The apparent basal rate of utilization of acetoacetate (esti- 
mated, 51 gm. per 24 hours on the basis of rates of injection, dis- 
appearance from blood, and urinary excretion) is sufficiently rapid 
to be considered as a normal channel of fat breakdown if the 
6-oxidation theory of fatty acid metabolism is valid (1 molecule 
of fatty acid yields 1 of ketone), but probably not if the multiple 
alternate hypothesis (1 molecule of fatty acid yields 4 of ketone) 
is accepted. 

Our studies give complete support to the theory that carbohy- 
drate metabolism has no ketolytic effect but exerts its action on 
ketosis through antiketogenesis. 


Studies on the Autoxidation of Cholesterol in Aqueous Colloidal 
Solution. By O. AND SuNE BeErRGstTROM. 
From the Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York 
When cholesterol in colloidal solution is aerated with oxygen 
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at 85° for several hours, the major part of it is converted into 


iy compounds substituted with oxygen in position 7. The digitonin- 
I precipitable part of the ketonic fraction consists of almost pure 
4 } 7-ketocholesterol (yield 20 per cent). The non-ketonic fraction 


contains large amounts of “oxycholesterols;” 7.e., substances giving 
intense Lifschiitz and Rosenheim reactions. The chromogenic 
material was acetylated and separated by adsorption analysis into 
fractions with negative and positive specific rotations. Hydrolysis 

and benzoylation of the dextrorotatory fractions yielded without 
difficulty the dibenzoate of 7(a)-hydroxycholesterol. The levoro- 
tatory fractions yielded, on hydrolysis, crystalline products, the 
properties of which indicate that they consist mainly of 7(g)- 
hydroxycholestero!l, contaminated with some other strongly 
chromogenic diol, probably the 7(a)-epimer. 

The rates of formation of the 7-ketone and of the chromogenic 
compounds were followed by means of spectrophotometric meth- 
ods. At 85° both types of products are formed simultaneously 
and at a very rapid rate. After 2 hours about 40 per cent of the 
starting material has been converted into the 7-ketone, and 25 to 
30 per cent into “oxycholesterols.” Further aeration produces no 
change in these levels. At 37° the reaction proceeds much more 
slowly, but nevertheless at a measurable rate. The formation of 
the 7-substituted cholesterols under biological conditions is there- 
fore quite within the range of possibility. For this reason the 
above results should not necessarily be interpreted as proof that 
the 7-hydroxycholesterols which have been recently isolated from 
biological sources are artifacts. 


The Respiration of Bakers’ Yeast at Low Oxygen Tension. By 
Ricuarp J. Wrnziter. From the Department of Biochemistry, 
Cornell University Medical College, New York City 
The dropping mercury electrode method of oxygen determina- 

tion has been used in a study of the relation between oxygen ten- 

sion and the rate of respiration of bakers’ yeast. At 20° the rate 

of respiration begins to decrease roughly, but not exactly, as a 

hyperbolic function of oxygen pressure at a tension of about 2.5 

mm. of Hg (3 X 10-* atmospheres). This decrease in respiration 

rate is not due to slow diffusion of oxygen into the cells, however, 

since Qo,-pO:2 curves obtained in the presence of carbon monoxide, 


| 
| 
| | 


Society of Biological Chemists exliii 


and extending to quite high oxygen pressures, are identical with 
those without carbon monoxide, except for the scale of the pO 
axis being multiplied by the factor (1 + (CO)/Kgo). The data 
obtained at high oxygen tensions in the presence of various con- 
centrations of carbon monoxide gave points which, upon appro- 
priate extrapolation to zero carbon monoxide, lay on the experi- 
mental curve obtained at low oxygen pressure. This shows that at 
low oxygen tensions in the absence of CO the combination of 
oxygen with the oxygen-transferring enzyme is the process which 
determines the shape and constants of the Qo,-pO2 curve, and that 
oxygen diffusion cannot be an important factor setting a limit to 
the respiration rate. At high oxygen tensions, hydrogen transfer 
rather than oxygen activation is evidently the rate-limiting process, 
and distorts the normal hyperbolic pO function expected. At 20° 
the calculated apparent O,.-enzyme dissociation constant is 1.85 
mm. of Os, and the CO-enzyme dissociation constant 4.15 mm. 
of CO. 


Annual Variation in the Crop Sac Response to Prolactin. By 
Rosert W. Bares AND Oscar Rippie. From the Carnegie 
Institution of Washington, Station for Experimental Evolution, 
Cold Spring Harbor 
At intervals of 6 weeks or less during a 2 year period, twenty-four 

different groups of ten white Carneau pigeons aged 6 weeks were 
injected once daily intramuscularly for 4 days with 0.5 mg. of the 
same prolactin preparation, No. 657. Pigeons were killed on the 
5th day and the crop sacs, liver, pancreas, gut, thyroids, testes, 
adrenals, and heart were excised and weighed. 

The weights of the crop sacs were found to vary throughout 
the year and to show two maximum and two minimum periods of 
responsiveness. Relatively brief periods of minimum response 
occurred in April-May and again in October-November. Between 
these two minima longer periods of rather constant maximum 
responsiveness were observed. When the crop sac weights were 
converted into units of prolactin, the extreme values obtained for 
potency of Prolactin 657 were 5.3 and 23.3 units per mg. The 
magnitude of this variation is such that accurate assays of pro- 
lactin require the injection of a standard prolactin preparation in 
parallel with unknown preparations. 


| 
| 


exliv Scientific Proceedings. XXXV 


The body weights of these young pigeons showed an annual 
cyclic variation with a maximum in winter and a minimum in late 
summer. Weights of gut, liver, and pancreas were increased by 
the injections of prolactin. Weights of liver and pancreas showed 
a semiannual cyclic variation similar to that of the crop sac weights. 
Gut length and weight showed annual cyclic variations which 
were reciprocally related to the body weight. Other organ weights 
when corrected for body weight showed no cyclic change. 


The Effect of Ingestion of Various Substances upon Human En- 
durance. By Howarp H. Bearp. From the Department of 
Biochemistry, Louisiana State University, School of Medicine, 
New Orleans 
Various products were dissolved in a wine base or given in tablet 

form to 75 medical students and the increase in average watt- 
minute output over the control value was observed after they had 
worked on a bicycle ergometer against a load of 105 watts, the 
pointer on the voltmeter being kept as close to 120 volts as possible 
during the tests. There were 921 control tests and 1834 experi- 
mental tests conducted over a period of 3 months. The results 
obtained were as follows: 

The per cent increase in watt-minute output after the ingestion 
of glycine, or glycine-urea, each in wine or tablet form, was directly 
proportional to the amounts (5 or 10 gm.) of these substances 
ingested daily. Addition of 50 mg. of thiamine chloride daily to 
the urea-glycine wine increased the watt-minute output about 
25 per cent more than did the same amount of glycine-urea. Daily 
ingestion of creatine from 0.5 to 1 gm., with or without the addition 
of 0.5 gm. of calcium glycerophosphate, did not give increases in 
watt-minute output. Ingestion of the same amounts of creatinine 
gave increases of about 23 per cent, and the addition of phosphate 
raised this to 40 per cent above the control level. 

It required 3 weeks to show increases in watt-minute output 
after ingestion of the various products and this was lost in 3 days 
after their ingestion was stopped. Each individual has a natural 
energy output which can be increased by the ingestion of glycine, 
glycine-urea, vitamin B,, creatinine, and phosphate. 
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The Serum Proteins in Cancer. By Martin E. HANKE AND 
Hersert Kann. From the Department of Biochemistry of the 
University of Chicago, Chicago 
One of us has previously reported* that the most soluble al- 

bumin fraction of mammalian blood, called albumin A, has special 
properties. It is precipitated between 37 and 41 gm. per cent in 
(NH,).SO, at room temperature; in half saturated (NH,).S0O, it 
is not denatured at 75° but is denatured at 95°, although it pre- 
cipitates only after cooling. It contains 7 per cent histidine and 
no tryptophane, and is not antigenic. The normal concentration 
is 0.5 to 0.6 gm. per 100 cc. of serum. In human cancer and in 
pregnancy it is decreased by one-third to one-half, and the de- 
termination of albumin A has been used in the diagnosis of human 
cancer. 

These observations were extended by studies on experimental 
Brown-Pearce tumors in rabbits, in which total albumin, globulin, 
pseudoglobulin, and euglobulin were estimated as well as albumin 
A. In a group of testicularly inoculated rabbits, with growing 
tumors leading to death in about 6 weeks, the albumin A was 
promptly and consistently decreased by more than one-third. 
The total albumin was unchanged (except for a decrease 
shortly before death) and the total globulin was increased, es- 
pecially the euglobulin fraction. In a group of skin-inoculated 
rabbits in which the tumor gradually regresses spontaneously 
and finally heals entirely, the albumin A value was decreased dur- 
ing the first 3 weeks after inoculation, but, with the disappear- 
ance of the tumor, the albumin A rose again to the normal value. 
The total globulin, especially the euglobulin, here showed a de- 
crease. 


The Rate of Turnover of the Sphingomyelin of Rat Carcino- 
Sarcoma 256 As Measured by Radioactive Phosphorus. By 
Frances L. Haven AND SytviaA Ruta Levy. From the De- 
partment of Biochemistry and Pharmacology, School of Medicine 
and Dentistry, The University of Rochester, Rochester, New York 
The occurrence of the phospholipid, sphingomyelin, in rat Car- 
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cinosarcoma 256 in larger quantities than in any normal tissue 
except brain, emphasizes the importance of a study of the metab- 
olism of this lipid. The rate of turnover of sphingomyelin in 
tumor was accordingly investigated by the use of radioactive 
phosphorus. 

Rats bearing Carcinosarcoma 256 were killed from 10 hours to 
6 days after receiving by stomach tube a solution of disodium 
hydrogen phosphate containing radioactive phosphorus. From 
lipid extracts of the tumor tissue the sphingomyelin was isolated 
as the reineckate, weighed, ashed, and its activity determined on 
the Geiger counter. The radioactivity, expressed as percentage of 
the dose per gm. of sphingomyelin, increased to a maximum at 48 
hours after feeding and then decreased at approximately the same 
rate. This mode of behavior is similar to that of the cephalin 
fraction but unlike that of the lecithin fraction of the same tumor. 


Cirrhosis of Liver in Rats on a Deficient Diet. By R. D. Luu, 
Fioyp SHELTON Dart, AND From the National 
Institute of Health, Washington 
Eight young albino rats were kept for 10 months to 1 year on 

our Diet 349, consisting of corn-starch 82, leached casein 4, dried 

brewers’ yeast 5, Osborne and Mendel salt mixture 4, cod liver oil 

2, and Wesson oil 3 per cent. Four of these animals were given 

water to drink, while four received 20 per cent alcohol instead of 

drinking water. Eight rats of the same age were kept under 
similar conditions on a stock diet. 

Of the eight rats, placed at weaning on Diet 349, five were found 
at autopsy to have slight to rather marked hepatic cirrhosis. Two 
others showed pre-cirrhotic changes. The remaining animal was 
killed at the end of 1 year and showed essentially no significant 
hepatic lesions. The animals in the alcohol group showed a some- 
what more pathological condition of the liver than those in the 
water group. None of the rats on the stock diet showed hepatic 
cirrhosis. One of these animals died at the end of 6 months with 
pneumonia. 


Metathrombin in Circulating Blood. By Armanp J. QUICK. 
From the Department of Pharmacology, Marquette University 
School of Medicine, Milwaukee 
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It has been shown by the author that thrombin in the blood is 
inactivated by a substance which can be designated as albumin X, 
since it is closely associated with serum albumin. There is evi- 
dence that an actual union of albumin X and thrombin takes place, 
resulting in the formation of metathrombin. In the present study 
findings are presented which suggest that metathrombin may dis- 
sociate and thereby reliberate small amounts of free or active 
thrombin. Following the intravenous injection of 100 cc. of 
freshly defibrinated blood into a 12 kilo dog, samples of blood were 
taken and mixed immediately with adequate amounts of sodium 
oxalate. All specimens collected up to 40 minutes after the 
injection coagulated spontaneously. Since the presence of excess 
oxalate precluded the formation of thrombin from prothrombin, 
it appears probable that the metathrombin may be the source of 
the thrombin. The fibrinogen concentration of the blood was not 
materially altered. Similar results were obtained with rabbits. 
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